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METHOD OF DRIVING A DISPLAY, 
DISPLAY, 
AND 

COMPUTER PROGRAM FOR THE SAME 

[0001] The present application hereby claims priority under 35 
U.S.C. §119 on Japanese patent application number 294172/2002 
filed October 7, 2002, the entire contents of which are hereby 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to a method 
of driving a display, a display, a drive signal processor, a 
computer program for the same, and a computer-readable 
storage medium with the program recorded thereon. 



BACKGROUND OF THE INVENTION 

[0003] Liquid crystal displays, operational on relatively low 
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electric power, are found in a wide range of applications 
from mobile to stationary devices. In comparison to the 
cathode-ray tube (CRT), the liquid crystal display is slow to 
respond, hence to change tone, and may fail to respond 
completely within a rewrite time (16.7 msec) corresponding 
to an ordinary frame frequency (60 Hz), i.e., frame period. 
US 2002/0044115 Al published on April 18, 2002, a 
counterpart of Japanese Published Unexamined Patent 
Application or Tokukai 2002-116743, suggests a method 
addressing this issue which modulates drive signals for 
quick transition from the current tone to the desired tone. 

[0004] For example, suppose that the tone transition from 
the current frame FR(k-l) to the desired frame FR(k) 
requires a "rise" drive. If so, a higher voltage than that 
represented by the video data D(i, j, k) for the desired 
frame FR(k) is applied to a pixel, so as to facilitate the 
transition from the current tone to the desired tone. 

[0005] In tone transition, the application of such a voltage 
increases the brightness level of the pixel more abruptly 
and takes less time to raise it to the proximity of the 
brightness level in accordance with the video data D(i, j, k) 
for the desired frame FR(k) than the application of an exact 
voltage represented by the video data D(i, j, k) for the 
desired frame FR(k). Thus, the liquid crystal display will 
have a fast response speed despite the slow response speed 
of the liquid crystal. 
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[0006] However, suitable tone transition facilitation may 
become impossible for a desired frame if the tone transition 
is facilitated presuming that transition is sufficiently 
performed from the current tone to the desired tone, 
despite the fact to the contrary, i.e., a targeted brightness 
level is actually not reached in the transition from the 
current tone to the desired tone despite such driving that 
the tone transition is facilitated to overcome insufficient 
liquid crystal response speed. 

[0007] For example, when the liquid crystal is driven so 
that the transition from the previous tone through the 
current tone to the desired tone (transition from the 
previous tone to the current tone and transition from the 
current tone to the desired tone) is a "decay" followed by a 
"rise" as indicated in a solid line in Figure 12, if the liquid 
crystal response speed is fast enough, sufficient tone 
transition occurs as indicated by a dash-dot line in the 
figure. In some cases, however, the transition from the 
previous tone to the current tone is so insufficient that the 
brightness level does not sufficiently drop at the end of the 
current frame FR(k-l) as indicated by a broken line in the 
figure. If the pixel is driven in the desired frame FR(k) with 
enhanced tone transition similarly to the case of sufficient 
tone transition in such cases, the tone transition is 
enhanced too much and causes excess brightness. 
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[0008] When the liquid crystal is driven so that the 
transition from the previous tone through the current tone 
to the desired tone is a "rise" followed by a "decay" as 
indicated by a solid line in Figure 13, if the liquid crystal 
response speed is fast enough, sufficient tone transition 
occurs as indicated by a dash-dot line in the figure. In 
some cases, however, the transition from the previous tone 
to the current tone is so insufficient that the brightness 
level does not sufficiently "rise" at the end of the current 
frame FR(k-l) as indicated by a broken line in the figure. If 
the pixel is driven in the desired frame FR(k) with 
enhanced tone transition similarly to the case of sufficient 
tone transition in such cases, the tone transition is 
enhanced too much and causes inadequate brightness. 

[0009] When the liquid crystal is driven so that the 
transition from the previous tone through to the desired 
tone is a "decay" followed by another "decay" as in 
indicated by a solid line in Figure 14, if the liquid crystal 
response speed is fast enough, sufficient tone transition 
occurs as indicated by a dash-dot line in the figure. In 
some cases, however, the transition from the previous tone 
to the current tone is so insufficient that the brightness 
level does not sufficiently drop at the end of the current 
frame FR(k-l) as indicated by a broken line in the figure. In 
these cases, the liquid crystal response speed in the 
desired frame FR(k) tends to slow down. 



4 



New Patent Application 
Docket No. 1 2480-0000 19/US 

[0010] Similarly, when the liquid crystal is driven so that 
the transition from the previous tone through to the 
desired tone is a "rise" followed by another "rise" as 
indicated by a solid line in Figure 15, if the liquid crystal 
response speed is fast enough, sufficient tone transition 
occurs as indicated by a dash-dot line in the figure. In 
some cases, however, the transition from the previous tone 
to the current tone is so insufficient that the brightness 
level does not sufficiently "rise" at the end of the current 
frame FR(k-l) as indicated by a broken line in the figure. In 
these cases, the liquid crystal response speed in the 
desired frame FR(k) tends to slow down. 

[0011] Addressing the same problems, Japanese Patent No. 
2650479 (published on September 3, 1997) corrects signal 
data applied to the liquid crystal throughout the two or 
more fields after the first signal data. The scheme requires 
that video data for multiple fields be stored, and will likely 
add to the circuit dimensions. 

[0012] As detailed in the foregoing, according to US 
2002/0044115 Al, the display element does not have a 
sufficient response speed. If tone transition is enhanced 
similarly to the case of sufficient tone transition despite 
the actual fact that tone transition is insufficient, the tone 
transition is enhanced too much and may degrade the 
display quality of the display. 
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[0013] Meanwhile, Japanese Patent No. 2650479 requires 
that video data for multiple fields be stored, and will likely 
add to the circuit dimensions. This is especially true when 
it is considered that many displays are required to increase 
its number of pixels and tones to produce a more natural 
and smooth image. 

SUMMARY OF THE INVENTION 

[0014] An embodiment of the present invention has an 
objective of providing a method of driving a display by 
which a display with possible higher display quality is 
realized using circuitry of a relatively small scale, even in a 
situation where the display is not suitably driven if the 
drive signal is modulated to such an extent as to be 
suitable in the case of sufficient tone transition. Further 
objects of further embodiments include providing a display; 
a drive signal processor; a computer program for the same; 
and a computer-readable storage medium with the program 
recorded thereon. 

[0015] A method of driving a display of an embodiment of 
the present invention, to achieve an objective, may include: 
storing data corresponding to a drive signal input at a 
first time; 

modulating a drive signal input at a second time, 
subsequent to the first time, based upon the stored data so 
as to facilitate a tone transition from the first time to the 
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second time; 

comparing data corresponding to the drive signal 
input at the first time and data input at a time previous to 
the first time, wherein a degree of the modulation is 
adjustable prior to modulating, with reference to the result 
of the comparison. 

[0016] According to the arrangement, a result of the 
comparison of the data for the previous time with the data 
for the first or current time is stored as information 
associated with a tone transition from the previous time to 
the current time. Further, the degree of modulation in the 
modulation step for the desired or second time is adjusted 
with reference to the result of the comparison. 

[0017] Therefore, the arrangement has an effect that a 
display capable of adjusting the degree of the modulation 
to a degree in accordance with the situation, even when a 
normal process cannot suitably drive the display. As such, 
improved display quality can be realized using circuitry of 
a relatively small scale. 

[0018] A method of driving a display of an embodiment of 
the present invention, to achieve an objective, may include: 
determining a display drive signal based on desired 
drive signal data and current corresponding drive signal 
data; and 

driving the display with a selected one of the determined 
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display drive signal and a variation of the determined 
display drive signal, selected based upon at least a 
previous corresponding drive signal data and the current 
drive signal data. Further, the current corresponding drive 
signal data may include data from a drive signal input at a 
first time, the desired drive signal data may include data 
from a drive signal input at a second time, subsequent to 
the first time, and the previous corresponding drive signal 
data may include data from a drive signal input at a time 
previous to the first time. 

[0019] A display in accordance with an embodiment of the 
present invention, to achieve an objective, may include: 

a first storage for storing data corresponding to a 
drive signal input at a first time; 

a modulator for modulating a drive signal input at a 
second time, subsequent to the first time, based upon the 
stored data so as to facilitate a tone transition from the 
first time to the second time; 

a second storage for storing a result of a comparison 
of the stored data corresponding to the drive signal input 
at the first time and data input at a time previous to the 
first time; and 

an adjuster for adjusting a degree of the modulating 
by the modulator with reference to the result of the 
comparison stored in the second storage. 
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[0020] The display having the arrangement can be driven 
by the aforementioned method of driving a display. 
Therefore, by modulating a drive signal to an ordinary 
degree similarly to the method of driving a display, the 
arrangement has an effect that a display capable of 
adjusting the degree of the modulation to a degree in 
accordance with the situation, even when a normal process 
cannot suitably drive the display. Further, improved 
display quality can be realized using circuitry of a 
relatively small scale. 

[0021] A drive signal processor in accordance with an 
embodiment of the present invention, to achieve an 
objective, may be a drive signal processor for processing a 
display drive signal, and may include: 

memory means for storing data of a drive signal input 
at a first time; 

modulation means for modulating a drive signal input 
at a second time, subsequent to the first time, based upon 
the stored data so as to facilitate a tone transition from the 
first time to the second time; 

comparison result memory means for storing a result 
of a comparison of the stored data corresponding to the 
drive signal input at the first time and data input at a time 
previous to the first time; and 

adjusting means for adjusting a degree of the 
modulating by the modulation means with reference to the 
result of the comparison stored in the comparison result 
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memory means. 

[0022] The drive signal processor having the arrangement 
is capable of processing a drive signal with which the 
aforementioned method of driving a display can be 
implemented. Therefore, by modulating a drive signal to an 
ordinary degree similarly to the method of driving a display, 
the arrangement has an effect of a display capable of 
adjusting the degree of the modulation to a degree in 
accordance with the situation, even when the display 
cannot suitably drive. Further, improved display quality 
can be realized using circuitry of a relatively small scale. 

[0023] A program in accordance with an embodiment of the 
present invention is a program causing a computer to 
execute the aforementioned method steps of an 
embodiment of the invention. 

[0024] Therefore, when the program is run on a computer, 
the computer can drive the display by the aforementioned 
drive method. As a result, by modulating a drive signal to 
an ordinary degree, similarly to the method of driving a 
display, the arrangement has an effect that a display 
capable of adjusting the degree of the modulation to a 
degree in accordance with the situation, even when the 
display cannot suitably drive. Further, improved display 
quality can be realized using circuitry of a relatively small 
scale. 
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[0025] A storage medium in accordance with an 
embodiment of the present invention is a 
computer-readable storage medium on which the program 
is recorded. 

[0026] Therefore, when the program stored on the storage 
medium is loaded and run on a computer, the computer 
can drive the display by the aforementioned drive method. 
As a result, by modulating a drive signal to an ordinary 
degree similarly to the method of driving a display, the 
arrangement has an effect that a display capable of 
adjusting the degree of the modulation to a degree in 
accordance with the situation, even when the display 
cannot suitably drive. Further, improved display quality 
can be realized using circuitry of a relatively small scale. 

[0027] Additional objects, advantages and novel features of 
embodiments of the invention will be set forth in part in 
the exemplary description which follows, and in part will 
become apparent to those skilled in the art upon 
examination of the following or may be learned by practice 
of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0028] The present invention will become more fully understood 
from the detailed description of preferred embodiments given 
hereinbelow and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of the present 
invention, and wherein: 

Figure 1, illustrating an embodiment in accordance 
with the present invention, is a block diagram of a major 
part of the arrangement of a modulated-drive processing 
section. 

Figure 2 is a block diagram of a major part of the 
arrangement of an entire image display with the 
modulated-drive processing section. 

Figure 3 is a circuit diagram of an example 
arrangement of a pixel in the image display. 

Figure 4, illustrating operation of the modulated-drive 
processing section, is a timing chart showing a 
pixel-applied voltage and brightness levels in an ordinary 
process of a ""decay"" tone transition. 

Figure 5, illustrating operation of the modulated-drive 
processing section, is a timing chart showing a 
pixel-applied voltage and brightness levels in an ordinary 
process of a ""rise"" tone transition. 

Figure 6, illustrating operation of the modulated-drive 
processing section, is a timing chart showing a 
pixel-applied voltage and brightness levels in a specialized 
process. 
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Figure 7, illustrating another embodiment in 
accordance with the present invention, is a block diagram 
of a major part of the arrangement of a modulated-drive 
processing section. 

Figure 8, illustrating operation of the modulated-drive 
processing section, is a timing chart showing a 
pixel-applied voltage level in a specialized process. 

Figure 9, illustrating another embodiment in 
accordance with the present invention, is a timing chart 
showing a pixel-applied voltage level in a specialized 
process. 

Figure 10, illustrating another embodiment in 
accordance with the present invention, is a block diagram 
of a major part of the arrangement of a modulated-drive 
processing section. 

Figure 11, illustrating another embodiment in 
accordance with the present invention, is a block diagram 
of a major part of the arrangement of a modulated-drive 
processing section. 

Figure 12, illustrating conventional technology, is a 
timing chart showing an actually brightness level when 
transition from the previous tone through to the desired 
tone is a "decay" followed by a "rise". 

Figure 13, illustrating conventional technology, is a 
timing chart showing an actually brightness level when 
transition from the previous tone through to the desired 
tone is a "rise" followed by a "decay". 

Figure 14, illustrating conventional technology, is a 
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timing chart showing an actually brightness level when 
transition from the previous tone through to the desired 
tone is a "decay" followed by a "decay". 

Figure 15, illustrating conventional technology, is a 
timing chart showing an actually brightness level when 
transition from the previous tone through to the desired 
tone is a "rise" followed by a "rise". 

DESCRIPTION OF THE EMBODIMENTS 

[Embodiment 1] 

[0029] The following will describe an embodiment in 
accordance with the present invention in reference to 
Figure 1 through Figure 6. An image display (display) 1 of 
the present embodiment varies, modulates for example, a 
signal driving the pixel for a desired tone so as to facilitate 
transition of a pixel from the previous tone to the desired 
tone. Thereby the response speed of a display element is 
improved. Further, it is capable of preventing display 
qualities caused by unsuitable modulation from happening 
using relatively simple circuitry. 

[0030] Referring to Figure 2, the image display 1 includes 
a pixel array 2 of pixels PIX(1, 1) to PIX(n, m) arranged in a 
matrix, a data signal line drive circuit 3 which drives the 
data signal lines SLl-SLn in the pixel array 2, a scan 
signal line drive circuit 4 which drives the scan signal lines 
GLl-GLm in the pixel array 2, a control circuit 5 which 
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supplies a control signal to the drive circuits 3, 4, and a 
modulated-drive processing section (drive signal processor) 
1 1 which varies or modulates an incoming video signal to 
produce a varied or modulated video signal output to the 
control circuit 5 to facilitate tone transition. These circuits 
are powered by a power source circuit 6, for example. 

[0031] The following will briefly describe the arrangement 
and operation of the entire image display 1, which 
description will be accompanied by details of the 
arrangement of the modulated-drive processing section 11. 
For convenience of description, the members will be 
assigned a number or letter(s) indicating their position as a 
reference symbol (e.g., the i-th data signal line is assigned 
SLi) only when their position needs to be specified. 
Otherwise, they will be referred to with those 
position-indicating numbers and letters omitted. 

[0032] The pixel array 2 includes multiple (n in this case) 
data signal lines SLl-SLn and multiple (m in this case) 
scan signal lines GLl-GLm which cross the respective data 
signal lines SLl-SLn. A pixel PIX(i, j) is provided for every 
combination of the data signal line SLi and the scan signal 
line GLj where i is any integral from 1 to n, and j is any 
integral from 1 to m. 



[0033] In the present embodiment, the pixel PIX(i, j) is 
located so as to be surrounded by a pair of adjacent data 
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signal lines SL(i-l), SLi and a pair of adjacent scan signal 
lines GL(j-l), GLj. 

[00341 For descriptive purposes, an example is taken 
where the image display 1 is a liquid crystal display. 
Referring to Figure 3, the pixel PIX(i, j)includes, for 
example, a field effect transistor SW(i, j) as a switching 
element with its gate connected to the scan signal line GLj 
and drain connected to the data signal line SLi and a pixel 
capacitance Cp(i, j) with one of its two electrodes connected 
to the source of the field effect transistor SW(i, j). The 
other end of the pixel capacitance Cp(i, j) is connected to a 
common electrode line shared by all the pixels PIX. The 
pixel capacitance Cp(i, j) is formed by a liquid crystal 
capacitance CL(i, j) and an auxiliary capacitance Cs(i, j) 
which is added where necessary. 

[0035] Selecting the scan signal line GLj in the pixel PIX(i, 
j) turns on the field effect transistor SW(i, j), passing the 
voltage on the data signal line SLi to the pixel capacitance 
Cp(i, j). As the select period ends for the scan signal line 
GLj, the field effect transistor SW(i, j) is turned off, 
enabling the pixel capacitance Cp(i, j) to store a voltage 
immediately before the field effect transistor SW(i, j) is 
turned off. Under these conditions, the transmittance and 
reflectance of the liquid crystal vary depending on the 
voltage applied to the liquid crystal capacitance CL(i, j). 
Therefore, the display state of the pixel PIX(i, j) is alterable 
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according to video data D by selecting the scan signal line 
GLj and applying a voltage to the data signal line SLi in 
accordance with the video data D for the pixel PIX(i, j). 

[0036] The liquid crystal display of the present 
embodiment employs as the liquid crystal cell a liquid 
crystal cell of vertical alignment mode: i.e., liquid crystal 
molecules align substantially vertical to the substrate when 
no voltage is being applied and slant relative to the vertical 
alignment in accordance with the voltage applied to the 
liquid crystal capacitance CL(i, j) in the pixel PIX(i, j). The 
liquid crystal cell is used in normally black mode (a black 
display is produced when no voltage is being applied). 

[0037] In the arrangement, as shown in Figure 2, the scan 
signal line drive circuit 4 outputs a signal (for example, a 
voltage signal) indicating a select/non-select period to the 
scan signal lines GLl-GLm. The scan signal line drive 
circuit 4 changes scan signal lines GL to which the signal 
indicating a select period is to be supplied, based on, for 
example, timing signals such as a clock signal GCK and a 
start pulse signal GSP fed from the control circuit 5. Thus, 
a scan signal line is selected sequentially from the scan 
signal lines GLl-GLm at predetermined timings. 

[0038] The data signal line drive circuit 3 acquires a video 
signal DAT by sampling at predetermined timings the video 
data D fed in a time-sharing manner to the pixels PIX and 
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produces signals in accordance with the video data D for 
output through the data signal lines SLl-SLn to the 
respective pixels PIX(1, j) to PIX(n, j) associated with the 
scan signal line GLj currently selected by the scan signal 
line drive circuit 4. 

[0039] The data signal line drive circuit 3 determines the 
sampling and signal output timings on the basis of timing 
signals, such as the clock signal SCK and the start pulse 
signal SSP, supplied from the control circuit 6. 

[0040] The pixels PIX(1, j) to PIX(n, j) determine the 
brightness of their own by adjusting the brightness, 
transmittance, and other factors in radiation in accordance 
with the signal outputted to the data signal lines SLl-SLn 
respectively while the associated scan signal line GLj is 
being selected. 

[0041] Here, because the scan signal line drive circuit 4 
selects a scan signal line sequentially from the scan signal 
lines GLl-GLm, the brightness of each pixel PIX(1, 1) to 
PIX(n, m) in the pixel array 2 is set as indicated by the 
video data D supplied to that pixel, thereby updating the 
image display produced by the pixel array 2. 

[0042] In the image display 1, the video signal DAT 
supplied from a video signal source SO to the 
modulated-drive processing section 1 1 may be transferred 
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frame by frame (screen by screen) or field by field after 
each frame is divided into multiple fields. The following 
description will be based on, as an example, a field-by-field 
transfer. 

[0043] Specifically, in transferring the video signal DAT 
through the signal line SL to the modulated-drive 
processing section 1 1 in the image display 1, the signal 
source SO transfers video data for each field in a 
time-sharing manner by, for example, transferring a 
complete set of video data for a field before proceeding to 
the transfer of video data for a next field. 

[0044] Besides, a field consists of multiple horizontal lines. 
For the signal lines SL, video data for the horizontal lines 
is transferred by in a time-sharing manner, for example, 
first transferring all video data D(l, j, k) to D(n, j, k) for a 
horizontal line and then transferring video data for a next 
horizontal line. 

[0045] Further, the signal source SO serially drives the 
signal lines SL in transferring video data D(l, j, k) to D(n, j, 
k) for one horizontal line so that the video data is 
transferred in a time-sharing manner in a predetermined 
sequence. 



[0046] As will be detailed later, to facilitate tone transition 
in driving the pixels PIX(i, j), the control circuit 5 of the 
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present embodiment controls the data signal line drive 
circuit 3 and the scan signal line drive circuit 4 so that the 
data signal line drive circuit 3 can apply voltage to the 
pixels PIX(i, j) more than once in a single frame. The 
modulated-drive processing section 11 of the present 
embodiment divides a frame into multiple periods Tl, T2, 
and in each of the periods Tl, T2, provides to the control 
circuit 5 an output signal indicative of a voltage level which 
the data signal line drive circuit 3 should apply to the 
pixels PIX(i, j). 

[0047] Here, the modulated-drive processing section 1 1 of 
the present embodiment performs a specialized process to 
restrain tone transition facilitation when the transition 
from the previous tone to the current" tone is a "decay", 
that is, V(i, j, k-2) > V(i, j, k-1), and the transition from the 
current tone to the desired tone is a "rise", that is, V(i, j, 
k-1) < V(i, j, k), relative to that when the transition occurs 
otherwise (normal process), where D(i, j, k-2), D(i, j, k-1), 
and D(i, j, k) are the video data fed to a pixel PIX(i, j) in the 
previous frame FR(k-2), the current frame FR(k-l) 
respectively, and the desired frame FR(k), and V(i, j, k-2), 
V(i, j, k-1), and V(i, j, k) are the respective voltage levels 
applied to the pixels PIX(i, j) corresponding to the video 
data D. 



[0048] Specifically, referring to Figure 1, the 
modulated-drive processing section 1 1 includes: a frame 
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memory 21 storing video data D(i, j, k) for one frame which 
is fed from the input terminal Tl; an ordinary modulation 
processing section 22 (processor) for modulating or varying 
the video data D(i, j, k) for the desired frame FR(k) for data 
output on the basis of video data D(i, j, k) for the desired 
frame FR(k) which is fed from the input terminal Tl and 
video data D(i, j, k-1) for the current frame FR(k-l) which 
is read from the frame memory 21, both the video data D(i, 
j, k) and the video data D(i, j, k-1) being supplied to the 
same pixel PIX(i, j), so as to facilitate tone transition from 
the current frame FR(k-l) to the desired frame FR(k); a 
specialized processing section 23 (second processor) for 
outputting a variation of data than the ordinary modulation 
processing section 22 (such as less modulated data for 
example); and an output signal generating section 24 
(selector) for generating or selecting an output signal 0(i, 
j, k) on the basis of data from the ordinary modulation 
processing section 22 in a normal process and on the basis 
of data from the specialized processing section 23 in a 
specialized process. It should be noted that the specialized 
processor 23 can be a simple circuit . 

[0049] In the present embodiment, the specialized 
processing section 23 outputs, as the less modulated data 
for example, the mean value of an output from the ordinary 
modulation processing section 22 and the video data D(i, j, 
k) for the desired frame FR(k). 
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[0050] The ordinary modulation processing section 22 of 
the present embodiment is embodied as, for example, an 
LUT (Look Up Table). Specifically, the LUT stores all output 
data for every input combination of the video data D(i, j, 
k-1) for the current frame FR(k-l) and the video data D(i, j, 
k) for the desired frame FR(k). The LUT thereby makes it 
possible to realize, using small-scale circuitry, the ordinary 
modulation processing section 22 which is capable of 
producing a highly precise data output in accordance with 
the combination of the input video data D(i, j, k-1) and D(i, 
j, k) with no problems even when small-scale circuitry 
cannot evaluate an expression which approximates data 
corresponding to the combinations to high precision. 

[0051] Further, the modulated-drive processing section 11 
may include: a flag generating circuit 25 for, through 
comparison of the video data D(i, j, k-1) and D(i, j, k), 
generating a flag F(i, j, k) for the desired frame FR(k) which 
indicates a "true" when transition from the current tone to 
the desired tone is a "decay", that is, V(i, j, k-1) > V(i, j, k) 
where V(i, j, k-1) is the voltage level for the current frame 
FR(k-l) and V(i, j, k) is the voltage level for the desired 
frame FR(k) and "false" in other cases; a flag memory 26 for 
storing the generated flag F(i, j, k) for one frame; and an 
activation determination processing section 27 for 
instructing the output signal generating circuit 24 to 
perform a specialized process when the flag F(i, j, k-1) 
stored in the flag memory 26 in the current frame FR(k-l) 
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is true (in this case, a "decay") and transition from the 
current tone to the desired tone is a "rise" and perform a 
normal process under different conditions. 

[0052] In the present embodiment, the activation 
determination processing section 27 determines, on the 
basis of the video data D(i, j, k-1) stored in the frame 
memory 21 for the current frame FR(k-l) and the video 
data D(i, j, k) for the desired frame FR(k), whether the 
transition from the current tone to the desired tone is a 
"rise". 

[0053] In the arrangement, in a frame FR(k), the flag 
generating circuit 25 compares the video data D(i, j, k-1) 
for the current frame FR(k-l) with the video data D(i, j, k) 
for the desired frame FR(k), both being read from the frame 
memory 21, and stores the comparison result as a flag F(i, j, 
k), for example, in the flag memory 26. The flag F(i, j, k) is 
fed to the activation determination processing section 27 in 
the next frame FR(k+l) together with the video data D(i, j, 
k+1) for the next frame FR(k+l) and the video data D(i, j, k) 
read from the frame memory 21 in the next frame FR(k+l). 

[0054] Therefore, in each frame FR(k), the activation 
determination processing section 27 receives, together with 
the video data D(i, j, k) for a desired or second frame FR(k), 
the video data D(i, j, k-1) for a current or first frame 
FR(k-l) and a flag F(i, j, k-1) indicating the result of 
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comparison between the video data D(i, j, k-2) for a 
previous frame FR(k-2) and the video data D(i, j, k-1) for 
the current frame FR(k-l) from the frame memory 21 and 
the flag memory 26. It then determines whether to 
perform a normal process or a specialized process on the 
basis of the received flag and data and provides an 
indication to the output signal generating section 24 to 
make an appropriate selection . 

[0055] Here, if transition from the current tone to the 
desired tone is a "decay", that is, the input video data D(i, j, 
k) for the desired frame FR(k) indicates that a lower voltage 
than the video data D(i, j, k-1) for the current frame 
FR(k-l) should be applied to the pixel PIX(i, j), the 
activation determination processing section 27 makes an 
instruction for a normal process, no matter what the 
transition from the previous tone to the current tone is. 

[0056] Under these circumstances, as indicated by a bold 
solid line in Figure 4, the modulated-drive processing 
section 11 outputs such an output signal 01(i, j, k) as to 
apply a voltage Vl(i, j, k) lower than the voltage level V(i, j, 
k) indicated by the video data D(i, j, k) to the pixel PIX(i, j) 
in a first one, Tl, of multiple periods into which is divided 
a vertical synchronization period, and outputs such an 
output signal 02(i, j, k) as to apply the voltage level V(i, j, 
k) to the pixel PIX(i, j) in the current period T2. 
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[0057] Consequently, as indicated by a bold broken line in 
Figure 4, the brightness level L of the pixel PIX(i, j), in the 
period Tl, decreases more rapidly and reaches the 
proximity of the brightness level in accordance with the 
voltage level V(i, j, k) in a shorter time than the brightness 
level (identified as Lo in Figure 4 in a thin broken line) 
when the voltage waveform identified as Vo in Figure 4 is 
applied, that is, when the exact voltage level V(i, j, k) 
indicated by the video data D(i, j, k) for the desired frame 
is applied. 

[0058] Here, since the transition from the current tone to 
the desired tone in the example in Figure 4 is a "decay", 
even if the response speed of the pixel PIX(i, j) is slow, the 
pixel PIX(i, j) only does not achieve the brightness level 
indicated by the video data D(i, j, k) for the desired frame 
FR(k) at the end of the desired frame FR(k); as in a "decay" 
followed by a "rise" (detailed later), no shortcoming occurs 
where the pixel PIX(i, j) exceeds a desired brightness level 
L(i, j, k), becomes excessively bright, and shows 
devastatingly degraded display quality. 

[0059] The output signal generating circuit 24 thus 
facilitates tone transition from the current frame FR(k-l) to 
the desired frame FR(k) on the basis of data from the 
ordinary modulation processing section 22; the brightness 
rapidly changes to the level indicated by the video data D(i, 
j, k) for the desired frame FR(k), while retaining good 
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display quality of the pixel PIX(i, j). 

[0060] The voltage level VI (i, j, k) applied to during the 
period Tl is lower than the original voltage level V(i, j, k). 
This results in that applying that level of voltage 
continuously may therefore give rise to the pixel PIX(i, j) 
failing to achieve the brightness level L(i, j, k) indicated by 
the video data D(i, j, k) for the desired frame. However, in 
the present embodiment, since the voltage level V(i, j, k) is 
applied to the pixel PIX(i, j) in the current period T2, the 
brightness level does not change excessively and fall below 
the brightness level L(i, j, k), but reaches the value L(i, j, k) 
smoothly. 

[0061] Besides, even if the transition from the current tone 
to the desired tone is a "rise", that is, the input video data 
D(i, j, k) for the desired frame indicates that a higher 
voltage than the video data D(i, j, k-1) for the current frame 
should be applied to the pixel PIX(i, j), the activation 
determination processing section 27 makes an instruction 
for a normal process unless the transition from the 
previous tone to the current tone is a "decay". When this is 
the event, as indicated by a bold solid line in Figure 5, the 
modulated-drive processing section 1 1 outputs such an 
output signal 01(i, j, k) as to apply a voltage VI (i, j, k) 
higher than the voltage level V(i, j, k) indicated by the video 
data D(i, j, k) to the pixel PIX(i, j) in the first one, Tl, of 
the periods into which is divided a vertical synchronization 
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period, and outputs such an output signal 02(i, j, k) as to 
apply the voltage level V(i, j, k) to the pixel PIX(i, j) in the 
current period T2. 

[0062] Consequently, as indicated by a bold broken line in 
Figure 5, the brightness level L of the pixel PIX(i, j), in the 
period Tl, increases more rapidly and reaches the 
proximity of the brightness level in accordance with the 
voltage level V(i, j, k) in a shorter time than the brightness 
level (identified as Lo in Figure 5 in a thin broken line) 
when the voltage waveform identified as Vo in Figure 5 is 
applied, that is, when the exact voltage level V(i, j, k) 
indicated by the video data D(i, j, k) for the desired frame 
is applied. 

[0063] The voltage level Vl(i, j, k) is higher than the 
original voltage level V(i, j, k). This results in that applying 
that level of voltage continuously may therefore give rise to 
the pixel PIX(i, j) exceeding the brightness level L(i, j, k) 
indicated by the video data D(i, j, k) for the desired frame. 
However, in the present embodiment, since the voltage level 
V(i, j, k) is applied to the pixel PIX(i, j) in the current 
period T2, the brightness level does not exceed the 
brightness level L(i, j, k), but reaches the brightness level 
L(i, j, k) smoothly. 



[0064] In the example in Figure 5, the transition from the 
current tone to the desired tone is a "rise", but the 
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transition from the previous tone to the current tone is not 
a "decay". Therefore, even if the response speed of the pixel 
PIX(i, j) is slow, and the transition from the previous tone 
to the current tone is insufficient, the pixel PIX(i, j) does 
not exceed the brightness level indicated by the video data 
D(i, j, k-1) for the current frame FR(k-l) at the start of the 
desired frame FR(k). Therefore, even if the output signal 
generating circuit 24 facilitates tone transition from the 
current frame FR(k-l) to the desired frame FR(k) on the 
basis of data from the ordinary modulation processing 
section 22, no shortcoming occurs where the pixel PIX(i, j) 
exceeds a desired brightness level L(i, j, k) and becomes 
excessively bright. As a result, the brightness rapidly 
changes to the level indicated by the video data D(i, j, k) for 
the desired frame FR(k), while retaining good display 
quality of the pixel PIX(i, j). 

[0065] Meanwhile, when the transition from the previous 
tone through to the desired tone is a "decay" followed by a 
"rise", the flag memory 26 stores a "true" flag F(i, j, k-1) in 
the current frame FR(k-l). Besides, the voltage level V(i, j, 
k) indicated by the video data D(i, j, k) for the desired 
frame FR(k) is higher than the voltage level V(i, j, k-1) 
indicated by the video data D(i, j, k-1) stored in the current 
frame FR(k-l). When this is the event, the activation 
determination processing section 27 instructs the output 
signal generating circuit 24 to perform a specialized 
process. 
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[0066] Here, when the transition from the previous tone 
through to the desired tone is a "decay" followed by a "rise", 
if the response speed of the pixel PIX(i, j) is slow, and the 
transition from the previous tone to the current tone is 
insufficient, the pixel PIX(i, j) exceeds the brightness level 
indicated by the video data D(i, j, k-1) for the current frame 
FR(k-l). In such a case, if a voltage waveform Vm which 
facilitates tone transition so as to more rapidly increase 
the brightness level is applied to the pixel PIX(i, j) on the 
basis of data from the on the basis of data from ordinary 
modulation processing section 22 as indicated by a 
dash-dot line in Figure 6, the pixel PIX(i, j) may become 
excessively bright, and greatly degrade the display quality 
of the image display 1. 

[0067] In the present embodiment, however, the activation 
determination processing section 27 makes an instruction 
for a specialized process, and the output signal Ofi, j, k) is 
generated on the basis of data from the specialized 
processing section 23. Here, the specialized processing 
section 23 of the present embodiment outputs the mean 
value of the output of the ordinary modulation processing 
section 22 and the video data D(i, j, k) for the desired 
frame FR(k). Therefore, as indicated by a bold solid line in 
Figure 6, applied to the pixel PIX(i, j) is an intermediate 
voltage waveform between the voltage waveform Vo 
produced on the basis of data from ordinary modulation 
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processing section 22 and the voltage waveform Vo 
produced when the exact level indicated by the video data 
D(i, j, k) is applied. This prevents the excess brightness 
from happening and restrains display quality degradation. 

[0068] In this case, unless the transition from the previous 
tone to the current tone is sufficient, the pixel PIX(i, j) 
exceeds the brightness level indicated by the video data D(i, 
j, k-1) for the current frame FR(k-l) at the start of the 
desired frame FR(k). Therefore, the pixel PIX(i, j) reaches 
the brightness level indicated by the video data D(i, j, k) for 
the desired frame FR(k) at a sufficient speed although tone 
transition is less facilitated than in the case of the voltage 
waveform Vm. 

[0069] Besides, in the present embodiment, in a 
specialized process, the voltage waveform Vx applied to the 
pixel PIX(i, j) is determined on the basis of the mean tone 
level of a tone level modulated by a normal process and an 
unmodulated tone level. Therefore, the greater the 
difference between the waveform Vm when a normal 
process is performed and the waveform Vo when no 
modulation is performed, the more the modulation is 
restricted. As a result, the greater modulation the pixel 
PIX(i, j) receives, and the lower the voltage level V(i, j, k) 
indicated by the video data D(i, j, k) for the desired frame 
FR(k), the more the modulation affect the brightness level. 
Therefore, in a normal process drive, the greater 
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modulation the pixel PIX(i, j) receives, that is, the more 
easily the pixel PIX(i, j) is spotted by the user as showing 
excess brightness, the more the modulation is restricted, 
and the better the excess brightness is prevented from 
occurring. 

[0070] Further, as in the foregoing, the video data D(i, j, k) 
for the previous frame affects the degree of the modulation 
of the voltage waveform applied to the pixel PIX(i, j) in the 
desired frame FR(k). Although the pixel PIX(i, j) can be 
driven at a sufficient response speed while preventing the 
occurrence of the excess brightness, the modulated-drive 
processing section 11 of the present embodiment stores 
nothing but the flag F(k-l) indicating the comparison result 
of the video data D(i, j, k-2) for the previous frame FR(k-2) 
and the video data D(i, j, k-1) for the current frame FR(k-l), 
except the video data D(i, j, k-1) for the current frame 
FR(k-l) stored in the frame memory 21. The storage 
capacity required for storage can be greatly reduced when 
compared to cases where the video data D(i, j, k-1) for the 
previous frame is stored. Especially, in the present 
embodiment, since whether or not the transition is a 
""decay"" is binarized and stored as the flag F(k-l), a 1-bit 
capacitance per flag is sufficient. Therefore, the pixel PIX(i, 
j) can be driven at a sufficient response speed, using 
circuitry of a relatively small scale, while preventing the 
excess brightness from happening. 
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[Emb diment 2] 

[0071] The present embodiment will describe an 
arrangement where tone transition is less facilitated than if 
otherwise (normal process), when the transition from the 
previous tone to the current tone is a "decay", the video 
data D(i, j, k-1) for the current frame FR(k-l) does not 
exceed a certain level, and the transition from the current 
tone to the desired tone is a "rise",. 

[0072] The modulated-drive processing section 11a of the 
present embodiment has substantially the same 
arrangement as the modulated-drive processing section 11 
of embodiment 1. However, the former includes a flag 
generating circuit 25a in place of the flag generating circuit 
25 generating a "true" flag when the transition from the 
current tone to the desired tone is a "decay". The flag 
generating circuit 25a generates a flag F(i, j, k) for the 
desired frame FR(k) which indicates a "true" when the 
transition from the current tone to the desired tone is a 
"decay", and the video data D(i, j, k) for the desired frame 
FR(k) is less than or equal to a predetermined value. 

[0073] According to the arrangement, a normal process is 
performed similarly to embodiment 1 when the transition 
from the current tone to the desired tone is a "decay", 
irrespective of whether the transition from the previous 
tone to the current tone is a "rise" or the transition from 
the previous tone to the current tone is a "decay". Besides, 
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a specialized process is performed similarly to embodiment 
1 when the transition from the previous tone through the 
current tone to the desired tone is a "decay" followed by a 
"rise", and when the video data D(i, j, k-1) for the current 
frame FR(k-l) is less than or equal to the value. This is 
because the flag F(i, j, k-1) read from the flag memory 26 in 
the desired frame FR(k) is true. Therefore, in these cases, 
the excess brightness is prevented from occurring similarly 
to embodiment 1. As a result, the brightness rapidly 
changes to the level indicated by the video data D(i, j, k) for 
the desired frame FR(k), using circuitry of a relatively small 
scale, while retaining good display quality of the pixel PIX(i, 
J)- 

[0074] Further, in the present embodiment, when the video 
data D(i, j, k-1) for the current frame FR(k-l) exceeds the 
value, a "false" flag F is stored in the flag memory 26 in the 
current frame FR(k-l). Therefore, even when the transition 
from the previous tone through the current tone to the 
desired tone is a "decay" followed by a "rise", a normal 
process is performed. 

[0075] Here, when the video data D(i, j, k-1) for the 
current frame FR(k-l) exceeds the value, the pixel PIX(i, j) 
should reach a relatively high brightness level L(i, j, k-1) in 
the transition from the previous tone to the current tone. 
For this reason, there is sufficient room for modulation. 
For example, supposing that the pixel PIX(i, j) can display 
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256 tones, a "decay" down to tone level 32 can be enhanced 
for as few as 31 tones even with the best tone transition 
facilitation/enhancement in a normal process. Meanwhile, 
a "decay" down to tone level 128 can be modulated by a 
normal process so that the "decay" is enhanced for a 
further 127 tones. 

[0076] As a result, when the response speed of the pixel 
PIX(i, j) is as follows, that is, when the video data D(i, j, 
k-1) is less than or equal to the value, despite speed at 
which the pixel PIX(i, j) does not fall to the brightness level 
L(i, j, k-1) even after the current frame FR(k-l) ends, it is 
likely to reach the desired brightness level L(i, j, k-1), if the 
video data D(i, j, k-1) exceeds the above-mentioned value. 

[0077] Therefore, as in the present embodiment, even when 
the transition from the previous tone through the current 
tone to the desired tone is a "decay" followed by a "rise", 
the response speed of the pixel PIX(i, j) is improved over 
the case of a specialized process by facilitating tone 
transition by a normal process in comparison to the case of 
a specialized process if the brightness level in the current 
frame FR(k-l) exceeds the value. Note that in this case, 
since the pixel PIX(i, j) has reached the brightness level L(i, 
j, k-1) indicated by the video data D(i, j, k-1) for the 
current frame FR(k-l) at the start of the desired frame 
FR(k), a normal process does not cause excess brightness. 
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[Emb diment 3] 

[0078] The present embodiment will describe an 
arrangement where tone transition is less facilitated than if 
otherwise (normal process), if the transition from the 
previous tone to the current tone is a "decay", the 
differential signal of the two is more than or equal to a 
certain level, and the transition from the current tone to 
the desired tone is a "rise". 

[0079] The modulated-drive processing section lib of the 
present embodiment has substantially the same 
arrangement as the modulated-drive processing section 1 1 
of embodiment 1. However, the former includes a flag 
generating circuit 25b in place of the flag generating circuit 
25 generating a "true" flag when the transition from the 
current tone to the desired tone is a "decay". The flag 
generating circuit 25b generates a flag F(i, j, k) for the 
desired frame FR(k) which indicates a "true" when the 
transition from the current tone to the desired tone is a 
"decay", and the differential signal level (tone transition 
width) of the two is more than or equal to a predetermined 
value. 

[0080] According to the arrangement, a normal process is 
performed similarly to embodiment 1 when the transition 
from the current tone to the desired tone is a "decay", 
irrespective of whether the transition from the previous 
tone to the current tone is a "rise" or a "decay". Besides, a 
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specialized process is performed similarly to embodiment 1 
when the transition from the previous tone through the 
current tone to the desired tone is a "decay" followed by a 
"rise", and the width of the transition from the previous 
tone to the current tone is more than or equal to the value, 
since the flag F(i, j, k-1) read from the flag memory 26 the 
desired frame FR(k) is true. Therefore, in these cases, the 
excess brightness is prevented from occurring similarly to 
embodiment 1 . As a result, the brightness rapidly changes 
to the level indicated by the video data D(i, j, k) for the 
desired frame FR(k), using circuitry of a relatively small 
scale, while retaining good display quality of the pixel PIX(i, 
J). 

[0081] Further, in the present embodiment, when the 
width of the transition from the previous tone to the 
current tone is less than the value, a "false" flag F is stored 
in the flag memory 26 in the current frame FR(k-l). 
Therefore, even when the transition from the previous tone 
through the current tone to the desired tone is a "decay" 
followed by a "rise", a normal process is performed. 

[0082] Here, if it is strictly determined only whether or not 
the transition from the previous tone through the current 
tone to the desired tone is a "decay" followed by a "rise" 
when the video data D(i, j, k) for the frames FR(k) have 
substantially the same value, such as when the input video 
signal DAT can be regarded in effect as representing a still 
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image for example, some pixels are driven by a normal 
process. Other pixels, however, are driven by a specialized 
process. This causes irregularities in the displayed image, 
on the image display 1, which is in effect a still image. 

[0083] In the present embodiment, however, a normal 
process is performed, irrespective of whether the transition 
from the previous tone through to the desired tone is a 
"decay" followed by a "rise", when the video data D(i, j, k) 
for the frames FR(k) have substantially the same value 
(when the difference is less than or equal to the value). 
Therefore, even when the input video signal DAT can be 
regarded in effect as representing a still image, no display 
irregularities occurs, and the display quality of the image 
display 1 is improved. 

[0084] Note that if the width of the transition from the 
previous tone to the current tone is less than the value, the 
pixel PIX(i, j) will have presumably reached the brightness 
level L(i, j, k-1) indicated by the video data D(i, j, k-1) for 
the current frame FR(k-l) at the start of the desired frame 
FR(k). Besides, if the value is sufficient small, the response 
speed of the pixel PIX(i, j) is very slow; even if the pixel 
PIX(i, j) has not reached the brightness level L(i, j, k-1), the 
error between the actual brightness level and the 
brightness level L(i, j, k-1) is small. Therefore, in these 
cases, no excess brightness occurs in a normal process. 
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[Emb diment 4] 

[0085] The present embodiment will describe an 
arrangement where tone transition is less facilitated than if 
otherwise (normal process), if the transition from the 
previous tone to the current tone is a "decay", the 
differential signal level of the two is substantially more 
than or equal to the mean brightness level of the display 
tones, multiplied by a constant value, and the transition 
from the current tone to the desired tone is a "rise". 

[0086] The modulated-drive processing section 11c of the 
present embodiment has substantially the same 
arrangement as the modulated-drive processing section 1 1 
of embodiment 1; however, the former includes a flag 
generating circuit 25c in place of the flag generating circuit 
25 generating a "true" flag when the transition from the 
current tone to the desired tone is a "decay". The flag 
generating circuit 25c generates a flag F(i, j, k) for the 
desired frame FR(k) which indicates a "true" when the 
transition from the current tone to the desired tone is a 
"decay", and the differential signal level (tone transition 
width) of the two is substantially more than or equal to the 
mean brightness level of the display tones, multiplied by a 
constant value. 

[0087] According to the present embodiment, as an 
example, the level distinguishing between differential 
signals is changed in accordance with the mean brightness 

38 



New Patent Application 
Docket No. 12480-0000 19/US 

level across the whole image displayed by the image display 
1. The flag F(i, j, k) is set to a "true" when the differential 
signal level more than or equal to the mean brightness level 
across the whole image, multiplied by a constant value, 
and the transition from the current tone to the desired tone 
is a "decay". 

[0088] According to the arrangement, a normal process is 
performed similarly to embodiment 1 when the transition 
from the current tone to the desired tone is a "decay", 
irrespective of whether the transition from the previous 
tone to the current tone is a "rise" or a "decay". Besides, a 
specialized process is performed similarly to embodiment 1 
when the transition from the previous tone through the 
current tone to the desired tone is a "decay" followed by a 
"rise", and when the width of the transition from the 
previous tone to the current tone is substantially more 
than or equal to the mean brightness level of the display 
tones, multiplied by a constant value. This is because the 
flag F(i, j, k-1) read from the flag memory 26 is true in the 
desired frame FR(k). Therefore, in these cases, the excess 
brightness is prevented from occurring similarly to 
embodiment 1 . As a result, the brightness rapidly changes 
to the level indicated by the video data D(i, j, k) for the 
desired frame FR(k), using circuitry of a relatively small 
scale, while retaining good display quality of the pixel PIX(i, 

j). 
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[0089] Further, in the present embodiment, when the 
width of the transition from the previous tone to the 
current tone is less than substantially the mean brightness 
level of the display tones, multiplied by a constant value, a 
"false" flag F is stored in the flag memory 26 the current 
frame FR(k-l). Therefore, even when the transition from the 
previous tone through the current tone to the desired tone 
is a "decay" followed by a "rise", a normal process is 
performed. 

[0090] According to the arrangement, when the transition 
from the previous tone through to the desired tone is a 
"decay" followed by a "rise", the number of pixels PIX(i, j) 
undergoing a specialized process and that of pixels PIX(i, j) 
undergoing a normal process are set in accordance with the 
mean brightness level of the display tones. Therefore, the 
display area occupied by the pixels PIX(i, j) driven by a 
specialized process can be limited so as not to exceed a 
predetermined proportion of the display area with respect 
to the display screen area of the image display 1. 

[0091] As a result, the user will not notice the following 
shortcomings: the brightness level of the pixels PIX(i, j) 
become so low that the screen overall appears rather dark, 
due to restrained tone transition facilitation by a 
specialized process, and the response speed of the pixels 
PIX(i, j) falls due to restrained tone transition facilitation. 
Display quality is thus improved by restraining excess 
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brightness due to a specialized process. 

[0092] In some cases, the overall brightness level of a 
target graphical pattern may be compressed because of, 
among others, shooting position and angle, user's 
brightness setting, automatic brightness adjustment in 
response to ambient light. Here, the mean tone transition 
in a particular situation is dictated by the overall 
brightness level provided that the graphical pattern 
remains unchanged. Meanwhile, since liquid crystal's 
response is typically slow and difficult to control if the 
brightness difference (voltage difference) is small, the 
proportion of desirable tone transition increases by 
adjusting the degree of modulation through a specialized 
process. Therefore, even if the transition from the current 
tone to the desired tone is a "decay" as in the present 
embodiment, the arrangement where it is decided in 
accordance with the mean brightness level whether or not a 
"true" flag is stored does not allow the user to notice the 
shortcomings and limits excess brightness caused by a 
specialized process, and thus improves display quality. 

[Embodiment 5] 

[0093] The present embodiment will describe an 
arrangement where tone transition is less facilitated than if 
otherwise (normal process), if the transition from the 
previous tone to the current tone is a "decay", the 
difference between the video data D(i, j, k-2) for the 
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previous frame FR(k-2) multiplied by a constant value and 
the video data D(i, j, k-1) for the current frame FR(k-l) is 
more than or equal to a predetermined value, and the 
transition from the current tone to the desired tone is a 
"rise". 

[0094] The modulated-drive processing section lid of the 
present embodiment has substantially the same 
arrangement as the modulated-drive processing section 1 1 
of embodiment 1. However, the former includes a flag 
generating circuit 25d in place of the flag generating circuit 
25 generating a "true" flag when the transition from the 
current tone to the desired tone is a "decay". The flag 
generating circuit 25d generates a flag F(i, j, k) for the 
desired frame FR(k) which indicates a "true", when the 
transition from the current tone to the desired tone is a 
"decay" and when the difference between the video data D(i, 
j, k-1) for the current frame FR(k-l) multiplied by a 
constant value and the video data D(i, j, k) for the desired 
frame FR(k) is more than or equal to a predetermined 
value. 

[0095] In the present embodiment, for ease in computing, 
the constant value in the multiplication is set to 0.5 as an 
example. In addition, the "predetermined" value is 
preferably 4 to 16 when the video data D(i, j, k) is 
expressed by 8 bits (256 tones). 
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[0096] According to the arrangement, similarly to 
embodiment 1, a normal process is performed if the 
transition from the current tone to the desired tone is a 
"decay", irrespective of whether the transition from the 
previous tone to the current tone is a "rise" or a "decay". 
Besides, since the flag F(i, j, k-1) read from the flag 
memory 26 in the desired frame FR(k) is true, a specialized 
process is performed similarly to embodiment 1 if the 
transition from the previous tone through the current tone 
to the desired tone is a "decay" followed by a "rise", and if 
the difference between the video data D(i, j, k-2) for the 
previous frame FR(k-2) multiplied by a constant value and 
the video data D(i, j, k-1) for the current frame FR(k-l) is 
more than or equal to the predetermined value. Therefore, 
in these cases, the excess brightness is prevented from 
occurring similarly to embodiment 1. As a result, the 
brightness rapidly changes to the level indicated by the 
video data D(i, j, k) for the desired frame FR(k), using 
circuitry of a relatively small scale, while retaining good 
display quality of the pixel PIX(i, j). 

[0097] Further, in the present embodiment, a false flag F 
is stored in the flag memory 26 for the current frame 
FR(k-l) if the difference between the video data D(i, j, k-2) 
for the previous frame FR(k-2) multiplied by a constant 
value and the video data D(i, j, k-1) for the current frame 
FR(k-l) are less than the predetermined value. Therefore, a 
normal process is performed even when the transition from 
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the previous tone through to the desired tone is a "decay" 
followed by a "rise". 

[0098] According to the arrangement, it is determined 
whether or not to drive by a specialized process when the 
transition from the previous tone through the current tone 
to the desired tone is a "decay" followed by a "rise", 
depending on whether or not the difference between the 
video data D(i, j, k-2) for the previous frame FR(k-2) 
multiplied by a constant value and the video data D(i, j, 
k-1) for the current frame FR(k-l) is not less than the 
predetermined value. Therefore, the lower tone the video 
data D(i, j, k-1) for the current frame FR(k-l) represents for 
the pixel PIX(i, j), that is, the more likely the pixel PIX(i, j) 
has not sufficiently dropped its brightness level in the 
transition from the previous tone to the current tone, the 
more likely the pixel PIX(i, j) will be driven by a specialized 
process. 

[0099] Therefore, the occurrence of excess brightness is 
limited effectively for improved display quality without 
allowing the user to notice the aforementioned 
shortcomings, that is, the screen overall appears rather 
dark, due to frequent performing of the specialized process, 
and the response speed of the pixels PIX(i, j) falls due to 
restrained tone transition facilitation. 



[00100] The foregoing description illustrated an example 
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arrangement where (a) a "true" flag is generated as the flag 
F(i, j, k) for the desired frame FR(k) when the transition 
from the current tone to the desired tone is a "decay" and 
(b) the difference between the video data D(i, j, k-1) for the 
current frame FR(k-l) multiplied by a constant value and 
the video data D(i, j, k) for the desired frame FR(k) is more 
than or equal to the predetermined value. Alternatively, a 
"true" flag may be stored when the difference between the 
video data D(i, j, k-1) for the current frame FR(k-l) and the 
desired frame FR(k) multiplied by a constant value (for 
example, multiplied by 2) is equal to or more than a 
predetermined value, and the transition from the current 
tone to the desired tone is a "decay". In either case, similar 
effects are obtainable by giving proper weight to the video 
data D(i, j, k-1) for the current frame FR(k-l) and the video 
data D(i, j, k) for the desired frame FR(k) so as to increase 
the contribution from the video data D(i, j, k) for the 
desired frame FR(k) and thereafter storing a "true" flag 
when the difference is equal to or more than a 
predetermined value, and the transition from the current 
tone to the desired tone is a "decay". 

[Embodiment 6] 

[00101] Embodiments 1 to 5 described arrangements where 
a specialized process applies to the pixel PIX(i, j), a mean 
waveform Vx between the voltage waveform Vm as 
modulated by a normal process and the unmodulated 
voltage waveform Vo. The present embodiment will describe 
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an arrangement where a specialized process applies an 
unmodulated voltage waveform Vo as the voltage waveform 
Vx, less modulated than a normal process. The 
arrangement is applicable to any of embodiments 1 to 5. 
The following will describe an application to embodiment 1 
as an example. 

[00102] Specifically, as shown in Figure 7, in the 
modulated-drive processing section lie of the present 
embodiment, the specialized processing section 23 in 
Figure 1 is omitted. When an instruction is made for a 
specialized process, starting in the first period Tl of the 
desired frame FR(k), the output signal generating circuit 24 
outputs an output signal 0(i, j, k) on the basis of the video 
data D(i, j, k) for the desired frame FR(k), so as to apply 
the voltage V(i, j, k) having a level as indicated by the video 
data D(i, j, k) to the pixel PIX(i, j). Thus, the voltage V(i, j, 
k) having a level indicated by the video data D(i, j, k) is 
applied to the pixel PIX(i, j) from the first period Tl 
through the current period T2 of the desired frame FR(k) as 
shown in Figure 8. 

[00103] In this arrangement, a specialized process also 
applies a voltage waveform less modulated than a normal 
process to the pixel PIX(i, j). Therefore, similarly to the 
foregoing embodiments, the brightness rapidly changes to 
the level indicated by the video data D(i, j, k) for the 
desired frame FR(k), using circuitry of a relatively small 
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scale, while excess brightness is prevented from occurring, 
and good display quality of the pixel PIX(i, j) is retained. 

[00104] Besides, the present embodiment does not include 
the specialized processing section 23. The voltage V(i, j, k) 
having a level as indicated by the video data D(i, j, k) is 
applied to the pixel PIX(i, j) the first period Tl. The 
modulated-drive processing section llf is realized with 
further reduced circuit dimensions. 

[Embodiment 7] 

[00105] The present embodiment will describe an 
arrangement where a specialized process generates a 
voltage waveform Vx for application to a pixel on the basis 
of a tone level produced by weight-averaging with certain 
weights the tone level modulated by a normal process and 
the unmodulated tone level, as another example of a 
voltage waveform less modulated than a normal process. 
The arrangement is again applicable to any of embodiments 
1 to 5. The following will describe an application to 
embodiment 1 as an example. 

[00106] Specifically, as shown in Figure 1, in the 
modulated-drive processing section llf of the present 
embodiment, a specialized processing section 23f is 
provided in place of the specialized processing section 23 of 
embodiments 1 to 5. The specialized processing section 23f 
outputs a value produced by the weight- averaging with 
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predetermined weights the output from the ordinary 
modulation processing section 22 and the video data D(i, j, 
k) for the desired frame FR(k). The weights are specified to 
make the modulation as great as possible within such a 
range that does not cause excess brightness. 

[00107] According to the arrangement, when an instruction 
is made for a specialized process, as shown in Figure 9, 
applied to the pixel PIX(i, j) is a voltage VI (i, j, k) in 
accordance with the tone level derived by weight-averaging 
with the weights a tone level corresponding to a voltage 
level applied to the pixel PIX(i, j) in the period Tl by a 
normal process and a tone level corresponding to the 
voltage level V(i, j, k) indicated by the video data D(i, j, k). 

[00108] In the arrangement, a specialized process again 
applies a voltage waveform less modulated than a normal 
process to the pixel PIX(i, j). Therefore, similarly to the 
foregoing embodiments, the brightness rapidly changes to 
the level indicated by the video data D(i, j, k) for the 
desired frame FR(k), using circuitry of a relatively small 
scale, while excess brightness is prevented from occurring, 
and good display quality of the pixel PIX(i, j) is retained. 

[00109] The foregoing description illustrated an 

arrangement where tone levels are weight-averaged. 

Substantially the same effects can be achieved by an 

arrangement where the voltage levels per se are 
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weight-averaged, because that arrangement can limit 
modulation. Generating a signal weight-averaged with 
constant weights from an actual voltage, however, requires 
a substantial scale of additional circuitry and presents 
such difficulty in changing the operation of the additional 
circuitry when a module is changed that the arrangement 
becomes less versatile in applying to another module. 
Therefore, controlling tone level (digital values like 0 to 
255) as in the present embodiment, rather than varying the 
actual voltage with certain weights, allows for 
simplification of the circuit arrangements of the 
modulated-drive processing section (e.g., llf) and improves 
versatility of the modulated-drive processing section in 
applying to another module. 

[Embodiment 8] 

[00110] In the modulated-drive processing section 1 If of 
embodiment 7, optimal weights for average weight (internal 
division ratio) are varied depending on various conditions 
(for example, display device temperature). The present 
embodiment will describe an arrangement where a voltage 
waveform Vx can be applied to the pixel PIX(i, j) based on a 
tone level produced by the weight average with weights in 
accordance with conditions, no matter how the conditions 
may vary. One can conceive many specific examples of the 
conditions. An arrangement will be taken as an example 
and described where the display device temperature is 
varied as a condition that easily affects the weights, 
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because it easily affects the liquid crystal response speed. 

[00111] Specifically, the modulated-drive processing section 
llg of the present embodiment has substantially the same 
arrangement as the modulated-drive processing section llf 
of embodiment 7; the former further includes a 
temperature sensor 12 mounted to the display to detect the 
temperature of the device as shown in Figure 10. Besides, a 
specialized processing section 23g, provided in place of the 
specialized processing section 23f, outputs data to apply to 
the pixel PIX(i, j) a voltage waveform Vx in accordance with 
a tone level produced by weight-averaging the tone level 
indicating the voltage waveform Vm in a normal process 
and the tone level indicating the unmodulated voltage 
waveform Vo, at weights in accordance with temperature 
information from the temperature sensor 12. 

[00112] Here, the relationship between the temperature 
information and the weights are not linear and is difficult 
to express using mathematical terms. Therefore, the 
specialized processing section 23g of the present 
embodiment is given an LUT pre-recording weights 
corresponding to temperature information for a readout of 
weights in accordance with the temperature information 
from the temperature sensor 12. The specialized processing 
section 23g thus prepares weights in accordance with 
temperature information using small-scale circuitry 
compared to approximation using a complex approximate 
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expression. 

[00113] In this manner, in the present embodiment, a 
sensor (temperature sensor 12) is provided to detect 
conditions, and a voltage waveform Vx is generated on the 
basis of a tone level produced by weight average with 
weights in accordance with conditions, no matter how the 
conditions may vary, and applied to the pixel PIX(i, j). 

[00114] Therefore, a voltage waveform Vx is generated on 
the basis of a tone level of weights for modulation as great 
as possible within such a range that does not cause excess 
brightness for any conditions. As a result, the occurrence 
of excess brightness is limited effectively for improved 
display quality without allowing the user to notice the 
aforementioned shortcomings, that is, the screen overall 
appears rather dark, due to frequent performing of the 
specialized process, and the response speed of the pixels 
PIX(i, j) falls due to restrained tone transition facilitation. 

[Embodiment 9] 

[00115] In embodiments 1 to 5, 7, and 8, the specialized 
processing section (23, 23f, 23g) computes data indicating 
a voltage VI (i, j, k) to be applied to the pixel PIX(i, j) in the 
period Tl. In contrast, the present embodiment will 
describe an arrangement where the data indicating the 
voltage VI (i, j, k) is derived using an LUT. The present 
embodiment is applicable to any of these previous 
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embodiments; the following will however describe for 
convenience in illustration application to embodiment 1 as 
an example. 

[00116] The modulated-drive processing section llh of the 
present embodiment includes a specialized processing 
section 23h as shown in Figure 11 in place of the 
specialized processing section 23 in Figure 1. The 
specialized processing section 23h stores in the form of an 
LUT data for output in a specialized process about 
respective combination of the video data D(i, j, k-1) for the 
current frame FR(k-l) and the video data D(i, j, k) for the 
desired frame FR(k). Thus, when both the video data D(i, j, 
k-1) and D(i, j, k) are received, the specialized processing 
section 23h outputs to the output signal generating circuit 
24 data in accordance with the video data and applies a 
voltage waveform Vx in a specialized process to the pixel 
PIX(i, j). 

[00117] In the present embodiment, since the specialized 
processing section 23h is realized as an LUT, the 
specialized processing section 23h capable of outputting 
data at high precision in accordance with any combination 
of incoming video data D(i, j, k-1) and D(i, j, k) can be 
realized using small-scale circuitry. Thus, a more 
versatile specialized process can be carried out, without 
any problems, even if an output from the ordinary 
modulation processing section 22 is referenced, even in a 
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case where an expression approximating data 
corresponding to the combinations to a high precision 
cannot be evaluated using small-scale circuitry. 

[00118] The forgoing illustrated a case as an example where 
two LUTs are provided, one for a specialized process and 
another for a normal process, selectively used in 
accordance with an instruction from the activation 
determination processing section 27. Alternatively, multiple 
LUTs may be provided to each temperature, and the 
content of an LUT may be changed from panel to panel. 
Besides, when the specialized processing section is realized 
using an LUT, the determination by the activation 
determination processing section can be entirely or 
partially invalidated by storing the same value as in a 
normal process in accordance with such a combination of 
inputs to the LUT that the activation determination 
processing section makes an instruction for a normal 
process despite a true flag F(i, j, k-1). Therefore, the circuit 
arrangement of the modulated-drive processing section can 
be further simplified. 

[Embodiment 10] 

[00119] Embodiments 1 to 9 described a case where a 
specialized process is performed when (a) the flag F(i, j, 
k-1) is true and (b) the tone ranges of the video data D(i, j, 
k-1) and D(i, j, k) for the desired and current frames FR(k) 
and FR(k-l) respectively fall in the following range, that is, 
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such a range that the tone transition is a "rise". 

[00120] In contrast, the following will describe an 
arrangement where a specialized process is performed a 
condition as another tone range is met that the video data 
D(i, j, k-1) for the current frame FR(k-l) is less than or 
equal to a predetermined tone level. The present 
arrangement is applicable to any of the foregoing 
embodiments; the following will, however, describe 
application to embodiment 1 as an example for convenience 
in description. 

[00121] The modulated-drive processing section lli of the 
present embodiment includes a an activation determination 
processing section 27i in place of the activation 
determination processing section 27 in Figure 1. The 
activation determination processing section 27i causes a 
specialized process when the flag F(i, j, k-1) is true and 
when the video data D(i, j, k-1) for the current frame 
FR(k-l) is less than or equal to a predetermined tone level. 
In the present embodiment, as an example, the tone level is 
set to either 128 tones or 96 tones when the video data is 
expressed by 8 bits (256 tones). 

[00122] According to the arrangement, the activation 
determination processing section 27i causes that the pixel 
PIX(i, j) is driven by a specialized process when the video 
data D(i, j, k-1) for the current frame FR(k-l) is less than 
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or equal to a predetermined tone level and when the flag F(i, 
j, k-1) is a true. Therefore, the pixel PIX(i, j) in 
consideration, that is, the pixel PIX(i, j) of which the 
brightness level is likely to have not sufficiently dropped in 
the transition from the previous tone to the current tone, 
that is, the pixel PIX(i, j) which is likely to cause excess 
brightness if driven by a normal process, is driven by a 
voltage waveform which facilitates the tone transition less 
than a normal process. As a result, occurrence of excess 
brightness is prevented, and the image display 1 maintains 
good display quality. 

[00123] In contrast, when the video data D(i, j, k-1) for the 
current frame FR(k-l) exceeds the predetermined tone level, 
the activation determination processing section 27i causes 
that the pixel PIX(i, j) is driven by a normal process 
regardless of the value of the flag F(i, j, k-1). Therefore, the 
pixel PIX(i, j) in consideration, that is, the pixel PIX(i, j) 
which is likely to have completely dropped its brightness 
level in the transition from the previous tone to the current 
tone and which is unlikely to cause excess brightness when 
driven by a normal process, is driven by a normal process. 

[00124] As a result, unlike an arrangement where a 
specialized process is performed for every pixel PIX(i, j), the 
user is prevented from noticing the aforementioned 
shortcomings, that is, the screen overall appears rather 
dark, due to frequent performing of the specialized process, 
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and the response speed of the pixels PIX(i, j) falls due to 
restrained tone transition facilitation. As a result, the 
brightness rapidly changes to the level indicated by the 
video data D(i, j, k) for the desired frame FR(k), using 
circuitry of a relatively small scale, while retaining good 
display quality of the pixel PIX(i, j). 

[00125] Besides, according to the arrangement, when the 
video data D(i, j, k-1) for the current frame FR(k-l) exceeds 
the predetermined tone level, a normal process is 
performed. Here, when the video data D(i, j, k-1) exceeds 
the predetermined tone level, tone transition is facilitated 
by a relatively small amount by a normal process, and 
difference is small between the brightness level of the pixel 
PIX(i, j) driven by a normal process and the brightness level 
of the pixel PIX(i, j) driven without modulation. 

[00126] Therefore, when the specialized processing section 
is realized in the form of an LUT and when there is a strong 
demand for reduction in circuit dimensions, circuit 
dimensions can be reduced better by excluding these cases 
from the application of a specialized process than a 
specialized process being performed covering these cases 
too even if the flag F(i, j, k-1) is true. For example, 
supposing that no specialized process is performed when 
the pixel PIX(i, j) can display 256 tones, and the video data 
D(i, j, k-1) for the current frame FR(k-l) is more than or 
equal to 128 tone levels, the specialized processing section 
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can be realized using an LUT half the size as that in cases 
where a specialized process is performed for every tone 
level. 

[00127] The foregoing described as a condition to perform a 
specialized process, the tone range being in the following 
range, that is, such a range that the tone transition is a 
"rise", or the video data D(i, j, k-1) for the current frame 
FR(k-l) is less than or equal to a predetermined tone level. 
Substantially the same effects are achievable under 
different conditions if a specialized process is limited for 
the pixel PIX(i, j) which is likely to have dropped its 
brightness level sufficiently completely in the transition 
from the previous tone to the current tone and which is 
unlikely to cause excess brightness when driven by a 
normal process. 

[Embodiment 11] 

[00128] Embodiments 1 to 10 described by way of examples 
cases where the activation determination processing 
section 27 (27i) determines tone-related conditions through 
computation. An LUT may be referenced. Although the 
present arrangement is applicable to any of the 
embodiments, the following will describe an application to 
embodiment 1 as an example for convenience in 
description. 



[00129] Specifically, the modulated-drive processing section 
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1 lj of the present embodiment includes an activation 
determination processing section 27j in place of the 
activation determination processing section 27. The 
activation determination processing section 27j is an LUT 
storing data indicating whether or not a specialized process 
is performed for all pieces of data forming a criterion for 
determination (or their combinations). For example, when 
the video data D(i, j, k-1) for the current frame FR(k-l) and 
the video data D(i, j, k) for the desired frame FR(k) are 
required to determine whether in or out of tone range, data 
indicating whether to perform a specialized process is 
stored for every combination of the two. Data indicating 
whether to perform a specialized process is output in 
accordance with input data which acts as a criterion in 
determination. If only one of the two is necessary to 
determine whether in or out of tone range, data indicating 
whether to perform a specialized process is stored for every 
value of the necessary data. 

[00130] According to the arrangement, even if the 
computation in determining from the data acting as a 
determining criterion whether to perform a specialized 
process cannot be realized using small-scale circuitry, the 
activation determination processing section 27j capable of 
outputting, from data acting as a determining criterion, 
data indicating whether to perform a specialized process 
can be realized using small-scale circuitry without any 
problems. Therefore, the specialized process can be 
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selected more freely and performed only for tone ranges 
which really require the specialized process. 

[00131] As a result, the occurrence of excess brightness is 
limited effectively for improved display quality without 
allowing the user to notice the aforementioned 
shortcomings, that is, the screen overall appears rather 
dark, due to frequent performing of the specialized process, 
and the response speed of the pixels PIX(i, j) falls due to 
restrained tone transition facilitation. Therefore, the 
brightness rapidly changes to the level indicated by the 
video data D(i, j, k) for the desired frame FR(k), using 
circuitry of a relatively small scale, while retaining good 
display quality of the pixel PIX(i, j). 

[Embodiment 12] 

[00132] The foregoing embodiments described a 1-bit flag 
F(i, j, k-1), either "true" or "false," stored in a flag memory 
as an example. Alternatively, a multiple bit flag may be 
stored. Although the present arrangement is applicable to 
any of the embodiments, the following will describe an 
application to embodiment 1 as an example for convenience 
in description. 

[00133] In the modulated-drive processing section Ilk of 
the present embodiment, the output signal generating 
circuit 24, the flag generating circuit 25, the flag memory 
26, and the activation determination processing section 27 
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are replaced with multiple bit equivalents 24k, 25k, 26k, 
and 27k respectively. The output signal generating circuit 
24k is capable of performing a specialized process at 
discrete levels. In performing a specialized process, the flag 
generating circuit 25k generates a flag indicating the level 
at which the specialized process is performed, on the basis 
of the video data D(i, j, k-1) for the current frame FR(k-l) 
and the video data D(i, j, k) for the desired frame FR(k), 
and stores it as the flag F(i, j, k) for the desired frame 
FR(k) in the flag memory 26k. 

[00134] In the present embodiment, a 2-bit flag F(i, j, k-1) 
is stored. The output signal generating circuit 24k is 
capable of performing a facilitation process with one of 
three different levels: the first level which least facilitates 
tone transition, the third level which most facilitates tone 
transition of all the levels, but not as much as a normal 
process, and the second level which falls between the 
preceding two levels. Note that if the flag F(i, j, k-1) 
indicates no performance of a specialized process, the 
output signal generating circuit 24k drives the pixel PIX(i, 
j) by a normal process regardless of the other conditions. 

[00135] According to the arrangement, a result of 
comparison of the video data D(i, j, k-2) for the previous 
frame FR(k-2) with the video data D(i, j, k-1) for the 
current frame FR(k-l) is stored as a multiple bit flag, and 
the pixel PIX(i, j) is driven by either a normal process or a 
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specialized process having a level as indicated by the flag. 

[00136] Therefore, the result of comparison of the video 
data D(i, j, k-1) and D(i, j, k) is suitably reflected by the 
level of tone transition facilitation in driving the pixel PIX(i, 
j) when compared to a specialized process having a single 
level. In this case, the modulated-drive processing section 
Ilk is again realized using circuitry of a relatively small 
scale, because the storage capacity for the flag is smaller 
than the video data D(i, j, k-2) for the previous frame. 

[Embodiment 13] 

[00137] In the present embodiment, there is provided a flag 
generating circuit 25m in place of the flag generating 
circuit 25k. When the flag F(i, j, k-1) stored in the flag 
memory 26k in the current frame FR(k-l) indicates one of 
the levels and the image is determined to be a still image, 
the flag generating circuit 25m stores a flag indicating a 
specialized process having a lower level (tone transition 
facilitation at a greater degree) than the flag F(i, j, k-1) as 
the flag F(i, j, k) for the desired frame FR(k) in the flag 
memory 26k. 

[00138] The flag generating circuit 25k determines whether 
the image is a still image, by, for example, determining that 
it is a still image when the tone change from the current 
frame FR(k-l) to the desired frame FR(k) does not exceed 
noise level. 
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[00139] Here, when the transition from the tone before the 
previous tone to the current tone is a "decay" followed by a 
still image, the pixel PIX(i, j) may not sufficiently drop its 
brightness level in the transition from the previous tone to 
the current tone, unless the pixel PIX(i, j) has dropped the 
brightness level in the transition from the tone before the 
previous tone to the previous tone by some amount. In 
such cases, if the pixel PIX(i, j) is driven by a normal 
process in the desired frame FR(k) when the transition from 
the current tone to the desired tone is a "rise", the pixel 
PIX(i, j) may exceed the brightness level indicated by the 
video data D(i, j, k) and causes excess brightness although 
the excess brightness may not as great as when the 
transition from the previous tone through the current tone 
to the desired tone is a "decay" followed by a "rise". 

[00140] In contrast, in the present embodiment, the flag F(i, 
j, k-1) stored in the flag memory 26k in the current frame 
FR(k-l) indicates one of the levels. In addition, when the 
image is determined to be a still image, a flag indicating a 
specialized process having a lower level (tone transition 
facilitation at a greater degree)than the flag F(i, j, k-1) 
(tone transition facilitation having a higher level ) is stored 
as the flag F(i, j, k) for the desired frame FR(k) in the flag 
memory 26k. Therefore, if a tone transition requires a 
specialized process when there is no still image state, a 
specialized process having a lower level (tone transition 
facilitation at a greater degree) is performed than when 
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there is no still image state. As a result, even if there is an 
intervening still image state, excess brightness is prevented 
from occurring. 

[00141] Note that when the image display 1 can assign too 
small a fraction of system resources to the specialized 
process to describe multiple processes, the same process 
may be repeated until the shortage in a "decay" is resolved. 
As an example, suppose that flags of 2-bit can be stored 
which indicate a specialized process corresponding to one 
of level 3, level 2, and level 1 in descending order of degree 
of restricting tone transition facilitating modulation. With 
respect to the tone transition of a "decay", the flags of 2-bit 
are set so as to correspond to the level 3 and are 
consecutively changed and set so as to correspond to the 
level 3, the level 2, and the level 1, and level 0 (normal 
process) every time the still state continues. When a "rise" 
tone transition occurs during setting of the flags of 2-bit so 
as to correspond to one of the levels 1 through 3, a 
specialized process corresponding to the level 3 is carried 
out as a representative procedure. In this example, if a 
"rise" tone transition occurs when the flags of 2-bit 
correspond to the level 1 or the level 2 , display quality 
improves compared to a normal process causing excess 
brightness, although response in many cases is 
insufficient. 



[00142] The foregoing description discussed an example 
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where a specialized process corresponding to the level 3 
was designated as a representative process. Alternatively, a 
specialized process corresponding to another level may be 
designated as a representative process: for example, if 
designating a specialized process corresponding to the level 
1 as a representative process does not cause excess 
brightness beyond an allowable range, a specialized 
process corresponding to the level 1 may be designated as 
a representative process. 

[Embodiment 14] 

[00143] Embodiments 1 to 13 described arrangements 
where to restrict excess brightness caused by unsuitable 
modulation in a normal process, the pixel PIX(i, j) which is 
unlikely to have dropped its brightness level sufficiently in 
a "decay" tone transition from the previous frame to the 
current frame is driven by a specialized process which 
facilitates tone transition less than a normal process. 

[00144] In contrast, the present embodiment will describe 
an arrangement where the pixel PIX(i, j) which is unlikely 
to have increased its brightness level sufficiently in a "rise" 
tone transition from the previous frame to the current 
frame is driven by a specialized process which less 
facilitates tone transition than a normal process so as to 
prevent a shortcoming that the pixel PIX(i, j) appears 
inadequately dark from occurring when another 
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shortcoming of unsuitable modulation occurs. , that is, 
when the pixel PIX(i, j) has not sufficiently increased its 
brightness level in the rise tone transition from the tone 
before the previous tone to the current tone, and the next 
tone transition is a "rise". 

[00145] The arrangement is applicable to any of the 
aforementioned embodiments by reversing polarity of 
"positive" and "negative" in a level determination and by 
reversing a ""decay"" and a ""rise"" in tone transition. The 
following will describe an arrangement applied to 
embodiment 12 as an example capable of performing both a 
specialized process to prevent inadequate brightness and a 
specialized process to prevent excess brightness. 

[00146] In other words, in the present embodiment, at least 
one value of flags of multiple bits is assigned to a state 
where the brightness level has not risen sufficiently in the 
"rise" tone transition from the previous frame to the 
current frame, that is, a state where the tone transition 
does not sufficiently raised the brightness level. 

[00147] Specifically, a flag generating circuit 25n provided 
in the modulated-drive processing section lln of the 
present embodiment in place of the flag generating circuit 
25m compares the video data D(i, j, k-1) for the current 
frame FR(k-l) with the video data D(i, j, k) for the desired 
frame FR(k), and stores a value indicating a "rise" as the 
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flag F(i, j, k) for the desired frame FR(k) in the flag memory 
26k, when the tone transition is a "rise". 

[00148] The activation determination processing section 27 
instructs the output signal generating circuit 24k to 
perform a specialized process, when (a) the flag F(i, j, k-1) 
stored in the flag memory 26k in the current frame FR(k-l) 
has a value indicating a "rise" and (b) the transition from 
the current tone to the desired tone is a "decay". 

[00149] According to the arrangement, when the transition 
from the previous tone through to the desired tone is a 
"rise" followed by a "decay", the pixel PIX(i, j) is driven by a 
specialized process which less facilitates tone transition 
than a normal process. Therefore, occurrence of inadequate 
brightness is prevented by the arrangement. The 
inadequate brightness of the pixel PIX(i, j) has 
conventionally occurred due to a "rise" as shown in Figure 
13 when (a) the transition from the previous tone through 
the current tone to the desired tone is a "rise" followed by a 
"decay" and (b) the pixel PIX(i, j) is driven by a normal 
process As a result, the brightness rapidly changes to the 
level indicated by the video data D(i, j, k) for the desired 
frame FR(k), using circuitry of a relatively small scale, 
while retaining good display quality of the pixel PIX(i, j). 

[00150] Especially, in the present embodiment, the values 
of the flags other than that indicating a "rise" are assigned 
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either to indicate that neither of the specialized processes 
are needed as in embodiment 12 or to indicate which of the 
specialized processes is, if at all, to be performed. 
Therefore, similarly to embodiment 12, excess brightness 
can be prevented from occurring, and the response speed is 
improved, using small-scale circuitry. 

[00151] Embodiments 1 to 14 described video data being 
transferred field by field. Alternatively, the video data may 
be transferred frame by frame. Note that when video data is 
transferred field by field and the image display 1 performs 
a quasi-double speed process, a "rise" tone transition and a 
"decay" tone transition repeatedly occur at each edge 
between the two fields. The quasi-double speed process is , 
for example, the process in which a display of the image of 
each horizontal line constituting the desired field is copied 
to be a display of a horizontal line adjacent to the each 
horizontal line or in which interpolation, such as averaging, 
within a field ), or other processes.. Therefore, especially 
great effects are obtained if the occurrence of excess 
brightness caused by tone transition which is a "decay" 
followed by a "rise" is restricted using any one of the 
arrangements of the embodiments. 

[00152] Besides, the embodiments described a liquid crystal 
cell of vertical alignment mode and normally black mode 
being used as the display element as an example. This is 
not the only possibility. Substantially the same effects are 
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obtainable with any display element which has a slow 
response speed and has a difference between actual tone 
transition and desired tone transition in the transition 
from the previous tone to the current tone even if the pixels 
are driven by tone transition facilitating modulation. 

[00153] Note that a liquid crystal cell in vertical alignment 
mode and normally black mode has a response speed which 
is slower in a "decay" tone transition than in a "rise", and 
is likely to cause a difference between the actual tone 
transition and the desired tone transition in a "decay" tone 
transition from the previous frame to the current frame 
even if the pixel is driven by tone transition facilitating 
modulation. Therefore, especially great effects are obtained 
if the occurrence of excess brightness caused by tone 
transition which is a "decay" followed by a "rise" is 
restricted using any one of the arrangements of the 
embodiments. 

[00154] Besides, Figure 2 shows division into two periods 
Tl and T2. Alternatively, a frame may be divided into three 
or more periods. Note that when a frame is divided into two 
periods, the pixel is driven so that tone transition is 
facilitated in the first period Tl, and thereafter, only a 
voltage is applied in accordance with the video data D(i, j, 
k) for the desired frame FR(k) in the next period T2. In this 
case, it is not necessary to refer to the flag F(i, j, k~l) to 
determine the necessity of a specialized process or to the 
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video data D(i, j, k) for the current frame FR(k-l). Therefore, 
the storage region where the flag F(i, j, k-1) and/or the 
video data D(i, j, k) for the current frame FR(k-l) were 
stored can be assigned to store the flag F(i, j, k) and the 
video data D(i, j, k), for the desired frame FR(k), thereby 
reducing the storage capacity required with the 
modulated-drive processing section. 

[00155] Further, the embodiments described, as an example, 
dividing a vertical period into multiple periods and 
applying a voltage V(i, j, k) varying in accordance with the 
video data D(i, j, k) for the desired frame FR(k) to the pixel 
PIX(i, j) in the last period. However, the division of a 
vertical period into multiple periods is not essential 
provided that a voltage Vl(i, j, k) for which tone transition 
is facilitated can be applied to the pixel PIX(i, j). 

[00156] For example, when a vertical period is divided into 
fields, the modulated-drive processing sections (11, 
lla-lln) may cause the pixels PIX(i, j) to be driven so that 
the periods Tl and T2 are respective field periods in 
Figures 4, 5, 6, 8, 9, by, for example, controlling a signal 
applied to the control circuit 5. Besides, when a 
progressive signal is input to the modulated-drive 
processing section and when a frame period is equal to a 
vertical synchronization period, a voltage Vl(i, j, k) for 
which tone transition is facilitated is continuously applied 
without period T2. In this case, since the circuit 
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arrangement can be made relatively simple when compared 
to the pixel PIX(i, j) being driven with a period T2 provided, 
effects are greatest when it is required to make the driving 
simple. 

[00157] The foregoing embodiments described a matrix 
image display (1) as an example. Alternatively, the image 
display may be of a line type. The embodiments are also 
applicable to displays driving a single display element. 
However, displays of line and matrix types (especially, the 
latter) tend to require a large frame memory capacity; it is 
not realistic to store video data for the previous frame even 
though display quality is improved through prevention of 
excess brightness. Therefore, especially great effects are 
achieved with line and matrix types (especially, the latter) 
if a drive method as in the foregoing embodiments is 
employed where display quality can be improved without 
adding much to circuit dimensions. 

[00158] The foregoing embodiments described cases where 
the members constituting the modulated-drive processing 
section are all provided by hardware as an example. This is 
not however the only possibility. The members may be 
entirely or partly provided by a combination of a program 
embodying the aforementioned functions and hardware 
(computer) executing the program. 

[00159] For example, a computer connected to the image 
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display 1 may provide the function of the modulated-drive 
processing section (11-1 In) as a device driver for use in 
driving the image display 1. Besides, when the 
modulated-drive processing section is provided in the form 
of a conversion board either built in or externally attached 
to the image display 1, and when the operation of the 
circuitry constituting the modulated-drive processing 
section can be altered by rewriting a program, such as, 
firmware, the circuitry may be operated as the 
modulated-drive processing section of the foregoing 
embodiments by distributing the program (software) which 
alters the operation of the circuitry. 

[00160] In these cases, provided that hardware is prepared 
which is capable of executing the aforementioned functions, 
the modulated-drive processing section of the foregoing 
embodiments can be realized by only causing the hardware 
to execute the program. 

[00161] The program can be offered to the user in the form 
of a computer-readable storage medium. The storage 
medium may be a built-in medium installed inside a 
computer main body or removable medium arranged so that 
it can be separated from the computer main body. 
Examples of the built-in medium include, but are not 
limited to, rewriteable involatile memories, such as ROMs 
and flash memories, and hard disks. Examples of the 
removable medium include, but are not limited to, optical 
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storage media such as CD-ROMs and DVDs; 
magneto-optical storage media, such as MOs; magnetism 
storage media, such as floppy disks (trademark), cassette 
tapes, and removable hard disks; media with a built-in 
rewriteable involatile memory, such as memory cards; and 
media with a built-in ROM, such as ROM cassettes. 

[00162] A method of driving a display in accordance with an 
embodiment of the present invention, as in the foregoing is 
a method of driving a display, may include: 

(a) storing data indicating a drive signal for a desired 
time until a next time; and 

(b) modulating the drive signal for the desired time on 
the basis of data for a current time stored in the step (a) 
and the data indicating the drive signal for the desired time 
so as to facilitate a tone transition from the current time to 
the desired time; 

and the method of driving a display may be arranged to 
include: 

(c) comparing the data for the desired time with the 
data for the current time and storing a result of the 
comparison until the next time; and 

(d) adjusting a degree of modulation in the step (b) 
(degree by which the tone transition from the current time 
to the desired time is facilitated) with reference to a result 
of the comparison (of data for a previous time with the data 
for the current time) stored in the step (c) for the current 
time. 
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[00163] In the arrangement, the result of the comparison 
referenced in the modulation step for the desired time to 
adjust the degree of the modulation is a result of the 
comparison for the current frame, that is, the comparison 
of the data for the previous time with the data for the 
current time. Therefore, with reference to the comparison 
result, it can be determined with relatively high precision 
whether a situation has occurred in which the display's 
response speed is slow so that the tone transition from the 
previous time to the current time is insufficient. As a result, 
even if the above situation has occurred, that is, when 
modulating the drive signal to an ordinary degree (degree 
specified suitable for a case where tone transition from the 
previous time to the current time is sufficient) in the 
modulation step for the desired time it impossible to 
suitably drive the display, the degree of the modulation is 
adjusted to a degree in accordance with the situation. 

[00164] According to the arrangement, a result of the 
comparison of the data for the previous time with the data 
for the current time, not the data itself indicating the drive 
signal for the previous time, is stored as information 
associated with a tone transition from the previous time to 
the current time. Thus, the degree of the modulation is 
adjustable in accordance with the situation. In addition 
thereto, storage capacity can be reduced which is required 
to store information associated with the tone transition 
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from the previous time to the current time, as compared to 
a case where the data for the previous time is stored. 

[00165] As a result, a display capable of adjusting the 
degree of the modulation and improving display quality 
even in accordance with a situation where modulating the 
drive signal to an ordinary degree (performing a normal 
process) makes impossible to suitably drive the display can 
be realized using circuitry of a relatively small scale. 

[00166] A display typically repeatedly rewrites tone data at 
intervals. In a rewrite, a transition in tone as indicated by 
tone data is interpreted into a change in brightness of a 
pixel. In this specification, the "desired" or "second", 
"current" or "first", "previous," and "next " each refer to a 
period from a rewrite to a next rewrite (hereinafter, "rewrite 
period"): for example, a "frame period" or a "field period." 
The "desired" or "second" refers to a rewrite period 
including now. The "current" or "first" refers to the 
rewrite period immediately before the desired or second 
rewrite period. The "previous" refers to the rewrite period 
immediately before the current or first rewrite period. 
Finally, the "next" refers to the rewrite period immediately 
after the desired or second rewrite period. In addition, the 
"desired data" refers to the data on desired time, that is, 
the data indicating a drive signal supplied to the display 
during the desired time. 
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[00167] In addition to the arrangement, when it is 
determined on the basis of the data for the current time 
and the desired time that the tone transition from the 
current time to the desired time is insufficient, flag 
information instructing for a specialized process which 
reduces the degree of the modulation in the step (d) may be 
stored as the result of the comparison in the step (c). 

[00168] According to the arrangement, when it is 
determined that the tone transition from the previous time 
to the current time is insufficient, the comparison result 
storing step for the current time stores flag information for 
an instruction for a specialized process. Therefore, the 
modulation step for the desired time can perform a 
specialized process which reduces the degree of modulation 
by which tone transition is facilitated. Therefore, even 
when the tone transition from the previous time to the 
current time in a single direction is insufficient, the 
occurrence of a shortcoming is prevented in which as a 
result of facilitating tone transition to an ordinary degree 
in the modulation step for the desired time, the tone 
transition in the other direction from the current time to 
the desired time is facilitated too much. Here, the user can 
spot degradation in display quality more easily when tone 
transition is facilitated too much than when tone transition 
is insufficient, that is, one can recognize that the display's 
response is delayed, because in the former case, a tone 
that actually should not appear is displayed. 
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[00169] In contrast, according to the present arrangement, 
excess facilitation of tone transition is prevented, and the 
display's display quality is maintained at a high level. Here, 
a "single direction" and the "other direction" in a tone 
transition refer to a tone rising direction or a tone falling 
direction. 

[00170] With a normally black display, excess facilitation of 
tone transition in the modulation step causes excess 
brightness which is easily spotted by the user. Therefore, 
preventing the occurrence of excess brightness results in 
greatly improving the display s display quality. 

[00171] In place of the step (c), when a level of a drive 
signal (second drive signal) indicated by the data for the 
desired time is lower than a level of a drive signal (first 
drive signal) indicated by the data for the current time, flag 
information instructing for a specialized process which 
reduces the degree of the modulation in the step (d) may be 
stored as the result of the comparison in the step (c). 

[00172] According to the arrangement, flag information for 
an instruction for a specialized process is stored when tone 
transition tends to be insufficient (in a tone transition 
caused by a high-to-low level change of the drive signal) in 
a display which takes longer to change tone in response to 
a high-to-low level change of a modulated drive signal than 
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in response to a low-to-high level change of a modulated 
drive signal. Therefore, when the tone transition from the 
previous time to the current time is such as described 
above, the adjusting step for the desired time reduces the 
degree of modulation in the modulation step. As a result, a 
shortcoming, that facilitation of the tone transition caused 
by a low-to-high level change of a drive signal is attempted 
but ends up in excess facilitation, is prevented from 
occurring in the modulation step for the desired time, 
thereby improving the display quality of the display. 

[00173] In place of the step (c), when (1) a level of a drive 
signal indicated by the data for the desired time is lower 
than a level of a drive signal indicated by the data for the 
current time and (2) the level of the drive signal indicated 
by the data for the desired time is less than or equal to a 
predetermined value, flag information instructing for a 
specialized process which reduces the degree of the 
modulation in the step (d) may be stored as the result of 
the comparison in the step (c). 

[00174] According to the arrangement, a shortcoming, that 
facilitation of the tone transition caused by a low-to-high 
level change of a drive signal is attempted but ends up in 
excess facilitation, is again prevented from occurring in the 
modulation step for the desired time, except for when the 
level of the drive signal for the current time is greater than 
a predetermined value. This is because the flag information 
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stored in the comparison result storing step for the current 
time has the same arrangement as the aforementioned 
arrangement, that is, the flag information is determined 
only by magnitude relationship between the level of the 
drive signal for the previous time and the level of the drive 
signal for the current time. 

[00175] Further, unlike the aforementioned arrangement, 
even when the level of the drive signal for the current time 
is greater than a predetermined value and the tone 
transition from the previous time to the current time is one 
that involves a high-to-low level change of a drive signal, 
no specialized process is performed if a sufficient tone 
transition is likely to have done. Therefore, a shortcoming 
is prevented from occurring that the response speed of the 
display is too slow if a specialized process is performed on 
top of sufficient tone transition despite the fact that the 
occurrence of excess facilitation shortcoming is preventable, 
and the display quality of the display can be improved. 

[00176] In place of the step (c), when (1) a level of the drive 
signal indicated by the data for the desired time is lower 
than a level of the drive signal indicated by the data for the 
current time and (2) a difference between the two levels 
(the level of the drive signal indicated by the data for the 
current time and the level of the drive signal indicated by 
the data for the desired time) is more than or equal to a 
predetermined value, flag information instructing for a 
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specialized process which reduces the degree of the 
modulation in the step (d) may be stored as the result of 
the comparison in the step (c). 

[00177] According to the arrangement, the flag information 
stored in the comparison result storing step for the current 
time again has the same arrangement as the 
aforementioned arrangement, that is, the flag information 
is determined only by magnitude relationship between the 
level of the drive signal for the previous time and the level 
of the drive signal for the current time, except for when the 
difference between the levels is less than the predetermined 
value. 

[00178] Further, unlike the aforementioned arrangement, 
even when the difference between the levels is smaller than 
the predetermined value, and the tone transition from the 
previous time to the current time is one that involves a 
high-to-low level change of a drive signal, no specialized 
process is performed if a sufficient tone transition is likely 
to have done. Therefore, a shortcoming is prevented from 
occurring that the response speed of the display is too slow 
if a specialized process is performed on top of sufficient 
tone transition despite the fact that the occurrence of 
excess facilitation shortcoming is preventable, and the 
display quality of the display can be improved. 



[00179] Further, if only the magnitude relationship between 
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the level of the drive signal for the previous time and the 
level of the drive signal for the current time is strictly 
determined when data for each time has substantially the 
same values (e.g., when it is practically safe to consider 
that a still image is being displayed if a specialized process 
is performed also when the difference between the two is 
less than the predetermined value), some pixels are driven 
by a normal process, whilst the others are driven by a 
specialized process. This causes irregularities in the 
display although the display is practically a still image. In 
contrast, in the aforementioned arrangement, no 
specialized process is performed when the difference 
between the two is less than the predetermined value; 
therefore, the occurrence of display irregularities is 
prevented, and the display quality of the display is 
improved. 

[00180] In place of the step (c), when (1) a level of a drive 
signal indicated by the data for the desired time is lower 
than a level of a drive signal indicated by the data for the 
current time and (2) a difference between the two levels is 
more than or equal to a mean brightness level over a whole 
or a part of a displayed image, multiplied by a 
substantially constant value, flag information instructing 
for a specialized process which reduces the degree of the 
modulation in the step (d) may be stored as the result of 
the comparison in the step (c). 
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[00181] According to the arrangement, the flag information 
stored in the comparison result storing step for the current 
time again has the same arrangement as the 
aforementioned arrangement, that is, the flag information 
is determined only by magnitude relationship between the 
level of the drive signal for the previous time and the level 
of the drive signal for the current time, except for when the 
difference between the levels is less than the mean 
brightness level over a whole or a part of a displayed image, 
multiplied by a substantially constant value. Therefore, the 
occurrence of the excess facilitation shortcoming is 
prevented. 

[00182] Further, unlike the aforementioned arrangement, 
because the ratio between the case when a specialized 
process is performed and the case when no specialized 
process is performed is specified in accordance with the 
mean brightness level over a whole or a part of a displayed 
image, the display area of pixels driven by a specialized 
process is limited so as not to exceed a predetermined 
proportion with respect to the display screen area of the 
display. 

[00183] As a result, the specialized process prevents the 
excess facilitation shortcoming from occurring and 
improves the display quality of the display, without letting 
the user notice a shortcomings that the response speed of 
the pixels drops due to restrained tone transition 
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facilitation by a specialized process. 

[00184] In place of the step (c), when (1) a level of a drive 
signal indicated by the data for the desired time is lower 
than a level of a drive signal indicated by the data for the 
current time and (2) a difference between the data for the 
desired time and the data for the current time multiplied 
by a predetermined coefficient is more than or equal to a 
predetermined level, flag information instructing for a 
specialized process which reduces the degree of the 
modulation in the step (d) may be stored as the result of 
the comparison in the step (c). 

[00185] According to the arrangement, the flag information 
stored in the comparison result storing step for the current 
time again has the same arrangement as the 
aforementioned arrangement, that is, the flag information 
is determined only by magnitude relationship between the 
level of the drive signal for the previous time and the level 
of the drive signal for the current time, except for when the 
difference between the data for the desired time and the 
data for the current time multiplied by a predetermined 
coefficient is less than a predetermined level. Therefore, 
the occurrence of the excess facilitation shortcoming can 
be prevented. 



[00186] Further, unlike the aforementioned arrangement, 
although flag information for an instruction for a 
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specialized process is stored for some of those pixels for 
which the level of the drive signal for the desired time is 
lower than the level of the drive signal for the current time, 
and not for the others, the lower level the drive signal for a 
pixel indicated by the data for the current time has, and 
the more likely the tone transition from the previous time 
to the current time of the pixel is insufficient, the more 
likely a specialized process is performed. Therefore, the 
occurrence of the excess facilitation shortcoming is 
efficiently prevented, and the display quality of the display 
is improved, without letting the user notice the 
aforementioned shortcoming that the response speed of the 
pixels drops due to the frequent performing of the 
specialized process. 

[00187] On top of each arrangement, the degree of the 
modulation in the step (b) may be adjusted in the step (d) 
so that the drive signal for the desired time is not 
modulated to facilitate the tone transition from the current 
time to the desired time in response to an instruction for a 
specialized process. 

[00188] According to the arrangement, in response to the 
instruction for a specialized process, the drive signal for 
the desired time is not modulated to facilitate the tone 
transition from the current time to the desired time. This 
ensures the prevention of the occurrence of an excess tone 
transition facilitation shortcoming. Besides, no circuit 
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which sets the degree of the modulation to a mid-value is 
needed; therefore the circuit arrangement is simplified 
compared to when the degree is set to a mid-value. 

[00189] In place of the step (d), the degree of the 
modulation in the step (b) may be adjusted in the step (d) 
so that the drive signal for the desired time is a mean drive 
signal of a drive signal corresponding to a case when the 
drive signal for the desired time is not modulated to 
facilitate the tone transition from the current time to the 
desired time and an unadjusted drive signal in response to 
an instruction for a specialized process. In other words, in 
place of the step (d), in response to the instruction for a 
specialized process, the step (d) may adjust the degree of 
the modulation in the step (b) so that the modulated drive 
signal for the desired time adjusted in the step (b) is a 
mean drive signal of the drive signal for the desired time 
before the modulation and the drive signal for the desired 
time after the modulation of an ordinary degree (degree 
suitably specified for a case when the tone transition from 
the previous time to the current time is sufficient), that is, 
unadjusted modulation, in the step (b). 

[00190] The drive signals as voltage signals to be applied to 
the pixel may be averaged. Alternatively, rendering the tone 
data for generating voltage signals to be applied to the 
pixel, that is, the digital values indicating tone levels, as 
drive signals, the drive signals may be averaged. In this 
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case, no additional circuitry is needed to generate signals 
weight-averaged with constant weights in accordance with 
an actual voltage. This simplifies the circuit arrangement 
and does not need to change the process even if a module 
is changed. The circuit implementing the adjusting step is 
thus applicable to a greater variety of modules. 

[00191] According to the arrangement, when an instruction 
is made for a specialized process, a mean drive signal of 
the two drive signals is produced. Therefore, the greater 
the tone level excess amount due to excess modulation in 
response to excess tone transition facilitation, that is, the 
more likely the user will notice excess tone transition 
facilitation, the more the tone transition is restricted, 
thereby restraining excess tone transition facilitation. As a 
result, even in a specialized process, the response speed is 
improved, and the display quality of the display is 
improved, with the tone transition facilitated within such a 
range that excess tone transition facilitation does not occur. 
Since the drive signal has a mean value, the circuit 
arrangement is smaller or computation is less than a case 
where the drive signal is generated through another 
computation. 

[00192] In place of the step (d), the degree of the 
modulation in the step (b) may be adjusted in the step (d) 
so that the drive signal for the desired time is a drive 
signal produced by weight-averaging, with predetermined 
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weights, a drive signal corresponding to a case when the 
drive signal for the desired time is not modulated to 
facilitate the tone transition from the current time to the 
desired time and an unadjusted drive signal in response to 
an instruction for a specialized process. In this case, the 
drive signals as voltage signals to be applied to the pixel 
may be again averaged, similarly to the case where a mean 
value is taken. Alternatively, rendering the tone data for 
generating voltage signals to be applied to the pixel, that is, 
the digital values indicating the tone levels, as drive 
signals, the drive signals may be averaged. 

[00193] According to the arrangement, an weight-averaged 
drive signal of the two drive signals is produced. Therefore, 
the greater the tone level excess amount due to excess 
modulation in response to excess tone transition 
facilitation, that is, the more likely the user will notice 
excess tone transition facilitation, the more the tone 
transition is restricted, thereby restraining excess tone 
transition facilitation. As a result, even in a specialized 
process, the response speed is improved, and the display 
quality of the display is improved, with the tone transition 
facilitated within such a range that excess tone transition 
facilitation does not occur. 



[00194] On top of the arrangement, there may be further 
included the correction step of adjusting the weights in 
accordance with temperature. According to the 
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arrangement, the weights are adjusted in accordance with 
temperature; therefore, even if the display device 
temperature is varied, the response speed is improved, and 
the display quality of the display is improved, with tone 
transition facilitated within such a range that excess tone 
transition facilitation does not occur in a specialized 
process. 

[00195] On top of the arrangement, the correction step may 
further include the step of retrieving the weights in 
accordance with temperature from a pre-stored lookup 
table of weights corresponding to temperature information 
indicating temperatures. 

[00196] According to the arrangement, weights in 
accordance with temperature are obtainable with reference 
to a lookup table; therefore, suitable weights are obtainable 
using small-scale circuitry even when the relationship 
between the temperature and the weights cannot be 
approximated with high precision using an expression 
which can be evaluated with a little computation. 

[00197] On top of the arrangement, the drive method may 
further include the step of detecting the temperature using 
a temperature sensor mounted to the display. Thus, 
correction can be made in accordance with the display 
device temperature. Therefore, the response speed is 
improved, and the display quality of the display is 
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improved, with the tone transition facilitated within such a 
range that excess tone transition facilitation does not occur 
in a specialized process for display quality. 

[00198] On top of the arrangement, the step (b) may include 
the step of (f) modulating the drive signal for the desired 
time with reference to one of lookup tables, in which 
modulation information according to which the drive signal 
for the desired time is modulated and which corresponds to 
respective combinations of the data for the current time 
and the data for the desired time, is pre-stored; and in 
place of the step (d), the step (d) may include the step of 
selecting one of the lookup tables to be referenced in the 
step (f) in accordance with whether the instruction for the 
specialized process is made. 

[00199] According to the arrangement, the process is 
switched between specialized and normal processes, 
depending on the selection of the lookup table. Modulation 
information in the specialized process which cannot be 
computed using an expression that can be evaluated with a 
little computation becomes obtainable using small-scale 
circuitry. 

[00200] On top of the arrangement, when the flag 
information instructs for the specialized process, and a 
combination of the data for the current time and the data 
for the desired time is a predetermined combination, the 
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step (d) may perform the specialized process. 

[00201] According to the arrangement, even when flag 
information instructing for a specialized process is stored 
in the comparison result storing step for the current time, 
the specialized process is not performed unless the 
combination of the data for the current time and the data 
for the desired time is a predetermined combination. 
Therefore, a normal process is performed when the 
combination of the data for the current time and the data 
for the desired time is such that excess tone transition 
facilitation is unlikely to occur. As a result, in the 
foregoing case, the response speed of the display is 
improved, and the display quality of the display is 
improved. 

[00202] On top of the arrangement, the step (d) may include 
the step of determining whether the combination of the 
data for the current time and the data for the desired time 
is the predetermined combination with reference to a 
lookup table in which information, which corresponds to 
respective combinations of the data for the current time 
and the data for the desired time and according to which it 
is determined whether the combination is the 
predetermined combination, is pre-stored. 



[00203] According to the arrangement, it is determined 
whether the combination of the data for the current time 
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and the data for the desired time is the predetermined 
combination with reference to a lookup table. The 
determination, which cannot be made at high precision 
using an expression that can be evaluated with a little 
computation, thereby becomes possible using small-scale 
circuitry. 

[00204] Besides, the specialized process may be performed 
in the step (d) when flag information is stored which 
instructs for a specialized process if the level of the drive 
signal wholly or partly changes from a high state to a low 
state to cause a tone transition, when the flag information 
instructs for the specialized process, and the level of the 
drive signal indicated by the data for the desired time is 
lower than the level of the drive signal indicated by the 
data for the current time. 

[00205] According to the arrangement, the specialized 
process is performed when (a) the tone transition from the 
previous time to the current time is one that involves a 
high-to-low level change of a drive signal and (b) the tone 
transition from the current time to the desired time is one 
that involves a change of a drive signal in the opposite 
direction. The tone transition from the current time to the 
desired time is thereby less facilitated. The specialized 
process can be performed when tone transition is 
facilitated too much if (a) the tone transition from the 
previous time to the current time is insufficient and (b) the 
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drive signal for the desired time is modulated to an 
ordinary degree. As a result, excess tone transition 
facilitation can be prevented, and the display quality of the 
display is improved. 

[00206] With a normally black display, excess facilitation of 
tone transition in the modulation step causes excess 
brightness which is easily spotted by the user. Therefore, 
preventing the occurrence of excess brightness results in 
greatly improving the display's display quality. 

[00207] Besides, in place of the step (d), the specialized 
process may be performed in the step (d) when the flag 
information instructs for the specialized process, and the 
level of the drive signal indicated by the data for the 
current time is less than or equal to a predetermined level. 

[00208] According to the arrangement, a normal process is 
performed when the level of the drive signal indicated by 
the data for the current time is higher than a 
predetermined level even if the tone transition from the 
previous time to the current time is one that involves a 
high-to-low level change of a drive signal, that is, when the 
tone transition from the previous time to the current time 
is likely to be sufficient; therefore, excess tone transition 
facilitation is prevented, and the display quality of the 
display is also improved. Further, decreases in the 
response speed of the display due to frequent facilitation 
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processes is prevented. 

[00209] On top of the arrangement, a specialized process at 
multiple levels which reduce the degree of the modulation 
differently from one another is performed as the specialized 
process in the step (d); the flag information may be at least 
two bits; and when flag information instructing for a 
specialized process is stored, flag information indicating 
one of the levels with which the specialized process is to be 
performed is stored in the step (c). 

[00210] According to the arrangement, a specialized process 
including multiple levels is selectable; therefore, the tone 
transition from the current time to the desired time is 
facilitated even in a specialized process at a suitable level 
in accordance with the tone transition from the previous 
time to the current time. Therefore, even in a specialized 
process, the response speed is improved, and the display 
quality of the display is improved, with the tone transition 
facilitated within such a range that excess tone transition 
facilitation does not occur. 

[00211] On top of the arrangement, the step (g) of 
determining whether a displayed image is a still image may 
be further included, wherein when flag information 
instructing for a specialized process at one of the levels 
may have been stored in the step (c) for the current time, 
flag information indicating a higher level at which tone 
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transition is facilitated is stored as a result of comparison 
for the desired time in the step (c) for the desired time (the 
degree of the modulation is greater). 

[00212] According to the arrangement, a specialized process 
is performed with a lower level than when there is no still 
image state, that is, with such a high level that the tone 
transition is less facilitated, when the first tone transition 
and the subsequent second tone transition produce in 
combination such a tone transition that a specialized 
process should be performed unless there is a still image 
state between the transitions. Therefore, excess tone 
transition facilitation is prevented, and the display quality 
of the display is improved, even when a still image is to be 
displayed on a display with such a slow response speed 
that the first tone transition is substantially insufficient. 

[00213] On top of the arrangement, the step (g) of 
determining whether a displayed image is a still image may 
be further included, wherein when flag information 
instructing for a specialized process at one of the levels has 
been stored in the step (c) for the current time, and it is 
determined that the image is a still image in the step (g), 
flag information indicating a higher level at which tone 
transition is facilitated is stored as a result of comparison 
for the desired time in the step (c) for the desired time (the 
degree of the modulation is greater). 



93 



New Patent Application 
Docket No. 1 2480-0000 19/US 

[00214] According to the arrangement, a specialized process 
is performed with a lower level, that is, with such a high 
level that the tone transition is less facilitated than when 
there is no still image state, when the first tone transition 
and the subsequent second tone transition produce in 
combination such a tone transition that a specialized 
process should be performed unless there is a still image 
state between the transitions. Therefore, excess tone 
transition facilitation is prevented, and the display quality 
of the display is improved, even when a still image is to be 
displayed on a display with such a slow response speed 
that the first tone transition is substantially insufficient. 

[00215] Besides, when (1) a level of a drive signal indicated 
by the data for the desired time is higher than a level of a 
drive signal indicated by the data for the current time, and 
(2) it is determined that the tone transition from the 
current time to the desired time is insufficient on the basis 
of both data, flag information instructing for a specialized 
process which reduces the degree of the modulation in the 
step (d) may be stored as the result of the comparison in 
the step (c). 

[00216] According to the arrangement, a specialized process 
is performed when (a) the tone transition from the previous 
time to the current time is one that the drive signal 
becomes great and (b) it is determined that the tone 
transition is insufficient. Therefore, even when the tone 
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transition from the current time to the desired time is in a 
direction opposite to the tone transition, the display quality 
of the display is improved without excess tone transition 
facilitation. 

[00217] With a normally black display, when (a) the tone 
transition from the previous time to the current time is one 
that the level of the drive signal becomes great and (b) the 
tone transition from the current time to the desired time is 
in a direction opposite to the tone transition, inadequate 
brightness occurs. The inadequate brightness is however 
less recognizable to the user than the excess brightness 
that occurs when the tone transition from the previous 
time to the current time is one that involves a drop in the 
level of the drive signal, and the tone transition from the 
current time to the desired time is in a direction opposite 
to the tone transition. 

[00218] Therefore, when flag information is stored for an 
instruction for a specialized process in a case where (a) the 
tone transition is one that the level of the drive signal 
becomes great and (b) it is determined that the tone 
transition is insufficient, it is preferred to store 
information instructing for a specialized process as 
remaining flag information, wholly or partly, when the level 
of the drive signal drops. 



[00219] On top of the arrangement, the display may include 
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a liquid crystal display element of vertical alignment mode 
and normally black mode as a display element. Under these 
circumstances, a liquid crystal display element of vertical 
alignment mode and normally black mode is suitably 
applicable to each of the foregoing arrangements, because 
such a display tends to produce insufficient tone transition 
when the tone transition involves a drop in the drive signal 
level. 

[00220] In preferred embodiments of the method of driving a 
display in accordance with the present invention, the 
desired time refers to a desired frame period; the next time 
refers to a frame period immediately after the desired 
frame; the current time refers to a frame period 
immediately before the desired frame period; and the 
previous time refers to a frame period before the current 
frame period. 

[00221] The frame period is a rewrite time corresponding to 
a frame frequency: typically, a rewrite time of 16.7 msec 
corresponding to an ordinary frame frequency of 60 Hz. 

[00222] A display in accordance with an embodiment of the 
present invention may include, as in the foregoing: memory 
means for storing data indicating a drive signal for a 
desired time until a next time; and modulation means for 
modulating the drive signal for the desired time on the 
basis of data for a current time stored in the memory 
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means and the data indicating the drive signal for the 
desired time so as to facilitate a tone transition from the 
current time to the desired time; comparison result memory 
means for comparing the data for the desired time with the 
data for the current time and, for storing a result of the 
comparison until the next time; and adjusting means for 
adjusting a degree of modulation by the modulation means 
with reference to a result of the comparison for the current 
frame stored in the comparison result memory means (the 
comparison of data for a previous time with the data for the 
current time). 

[00223] The display having the arrangement can be driven 
by the aforementioned method of driving a display. 
Therefore, even in a situation where the display is not 
suitably driven if the drive signal is modulated to an 
ordinary degree as in the method of driving a display, a 
display capable of adjusting the degree of the modulation 
in accordance with the situation and improving display 
quality is realized using circuitry of a relatively small scale. 

[00224] A drive signal processor in accordance with an 
embodiment of the present invention may be, as in the 
foregoing, a drive signal processor for processing a display 
drive signal, and is arranged so as to include: memory 
means for storing data indicating a drive signal for a 
desired time until a next time; modulation means for 
modulating the drive signal for the desired time on the 
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basis of data for a current time stored in the memory 
means and the data indicating the drive signal for the 
desired time so as to facilitate a tone transition from the 
current time to the desired time; comparison result memory 
means for comparing the data for the desired time with the 
data for the current time, and for storing a result of the 
comparison until the next time; and adjusting means for 
adjusting a degree of modulation by the modulation means 
with reference to a result of the comparison of data for a 
previous time with the data for the current time stored in 
the comparison result memory means for the current time. 

[00225] The drive signal processor having the arrangement 
can process the drive signal which can realize the 
aforementioned method of driving a display. Therefore, even 
in a situation where the display is not suitably driven if the 
drive signal is modulated to an ordinary degree as in the 
method of driving a display, a display capable of adjusting 
the degree of the modulation in accordance with the 
situation and improving display quality is realized using 
circuitry of a relatively small scale. 

[00226] A program in accordance with an embodiment of the 
present invention is a program causing a computer to 
execute the respective steps. Therefore, when the program 
is executed on a computer, the computer drives the display 
by the drive method. As a result, even in a situation where 
the display is not suitably driven if the drive signal is 
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modulated to an ordinary degree as in the method of 
driving a display, a display capable of adjusting the degree 
of the modulation in accordance with the situation and 
improving display quality is realized using circuitry of a 
relatively small scale. 

[00227] A storage medium in accordance with an 
embodiment of the present invention is a 
computer-readable storage medium on which the program 
is recorded. Therefore, when the program stored on the 
storage medium is loaded and run on a computer, the 
computer drives the display by the aforementioned drive 
method. As a result, even in a situation where the display 
is not suitably driven if the drive signal is modulated to an 
ordinary degree as in the method of driving a display, a 
display capable of adjusting the degree of the modulation 
in accordance with the situation and improving display 
quality is realized using circuitry of a relatively small scale. 

[00228] The embodiments and examples described are for 
illustrative purposes only and by no means limit the scope 
of the present invention. Variations are not to be regarded 
as a departure from the spirit and scope of the invention, 
and all such modifications as would be obvious to one 
skilled in the art are intended to be included within the 
scope of the claims below. 
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